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PREFACE. 

Although  only  three  years  have  passed  since  the  last 
edition  of  this  work  was  published,  the  author  has  considered 
it  necessary  to  make  many  changes,  to  enlarge  it,  and  to 
alter  its  form.  This  edition  contains  nearly  lOO  pages 
more  than  the  last,  and  150  additional  illustrations  have  been 
introduced. 

The  arrangement  of  the  entire  work  has  been  simplified. 
Several  of  the  articles  have  been  re-written,  much  new  matter 
upon  the  examination  of  tissues  introduced,  and  Part  V  very 
much  extended. 

The  author  has  had  the  advantage  of  valuable  assistance 
from  several  friends.  To  Mr.  Sorby  he  is  indebted  for  articles  on 
the  Examination  of  Rocks  and  Crystals,  and  for  an  able  com- 
munication on  Spectrum  Microscopic  Analysis.  Dr.  Maddox 
has  carefully  revised  Part  IV  on  Photography,  and  has  added 
much  new  matter.  Mr.  Highley  has  assisted  the  author  in 
preparing  the  section  on  Collecting  and  Dredging,  and  that 
on  Aquaria  and  Vivaria. 


L.  S.  B. 


61,  Grosvenor  Street,  W. 
November^  1867. 
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PREFACE  TO  THE  FIRST  EDITION. 


An  earnest  desire  to  assist  in  diffusing  a  love  for  microscopical 
enquiry,  not  less  for  the  pleasure  it  affords  to  the  student,  than  from 
a  conviction  of  its  real  utility  and  increasing  practical  value  in  pro- 
moting advancement  in  various  branches  of  art,  science,  and  manu- 
facture,— a  wish  to  simplify,  as  far  as  possible,  the  processes  for 
preparing  microscopical  specimens,  and  the  methods  for  demon- 
strating the  anatomy  of  different  textures, — and  the  belief  that  many 
who  possess  microscopes  are  deterred  from  attempting  any  branch 
of  original  investigation  solely  by  the  great  difficulty  they  experience 
in  surmounting  elementary  detail  and  mere  mechanical  operations, — 
are  my  chief  reasons  for  publishing  this  elementary  course  of  lectures, 
which  was  delivered  during  the  past  winter. 

It  has  been  thought  desirable  to  append  the  tables  which  I  have 
been  accustomed  to  use  in  my  course  of  practical  demonstrations,  for 
the  purpose  of  enabling  everyone  to  practise  for  himself  the  most 
useful  branches  of  manipulation.  Each  table  will  occupy  the  student 
about  two  hours. 

Subjoined  is  a  list  of  the  apparatus  required  for  microscopical 
research,  much  of  which  is  simple  and  inexpensive.  A  number  has 
been  added  to  each  instrument,  by  transmitting  which  to  any  instru- 
ment maker,  the  observer  will  be  furnished  with  the  apparatus 
required. 

L.  S.  D, 

Pathological  Laboratory, 
ay,  Ccrrjr  Street^  iMCoWt-imm^  Jumt^  i8S7. 


PREFACE  TO  THE  THIRD   EDITION. 

It  is  now  seven  years  since  the  first  edition  of  this  work  was  pub- 
lished, and  during  this  short  period  very  great  advance  has  been  made 
in  many  branches  of  microscopical  enquiry,  both  in  this  country  and 
on  the  Continent 

Since  the  publication  of  the  original  work,  Messrs.  Powell  and 
Lealand  have  succeeded  in  making,  at  the  request  of  the  author,  an 
object-glass  magnifying  i,8oo  diameters.  He  hopes  shortly  to  receive 
firom  them  a  power  as  much  superior  to  this  as  the  ^th  is  to  the 
old  i>^th.  Microscopical  science  is  greatly  indebted  to  these  makers 
for  the  advances  made  by  them  upon  several  occasions  in  the  manu- 
facture of  object-glasses,  and  in  the  construction  of  microscopes. 

The  author  has  considered  it  better  to  divide  the  work  into 
chapters  instead  of  lectures^  but  the  original  style  has  been  retained, 
because  It  was  thought  to  be  well  adapted  for  the  description  of 
practical  details,  in  which  clearness  is  of  far  greater  importance  than 
elegance  of  expression. 

The  book  now  contains  more  than  twice  the  amount  of  work  in 
the  last  edition.  Many  of  the  paragraphs  have  been  re-written,  and 
three  new  chapters,  containing  nearly  one  hundred  pages  have  been 
introduced.    The  number  of  plates  has  been  increased  from  32  to  56. 

The  author  has  still  further  improved  upon  the  mode  of  injection 
and  preparation  of  tissues  advocated  by  him  and  now  adopted  by 
many  observers.  In  this  edition  the  details  of  the  psflticular  method 
of  preparation  carried  out  by  the  author  in  his  investigations  with 
the  aid  of  the  highest  magnifying  powers  yet  made,  are  for  the  first 
time  published. 

For  the  beautiful  photograph  which  forms  the  frontispiece  the 
author  is  indebted  to  his  friend  Dr.  Maddox,  who  has  also  afibrded 
him  very  great  assistance  in  writing  the  chapter  on  photography. 
This  is  one  of  the  most  valuable  chapters  in  the  book.  It'  contains 
the  results  of  many  years*  most  earnest  work,  by  one  of  the  most 
successful  workers  in  this  department  of  photography.  The  detail 
of  some  of  the  photographic  illustrations  is  so  very  minute,  that  many 
points  cannot  be  seen  by  the  unaided  eye.   A  lens  of  low  magnifying 
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power  has  therefore  been  appended  to  the  volume,  to  enable  the 
reader  to  see  the  beautiful  microscopical  details  which  have  been 
obtained  by  this  mode  of  illustration,  in  which  Dr.  Maddox  is  striving 
to  achieve  still  greater  success. 

Many  of  the  best  wood  engravings  in  the  volume  have  been 
engraved  by  Miss  Powell,  to  whom  as  well  as  to  Messrs.  Harrison 
for  the  great  care  bestowed  in  printing,  the  author's  thanks  are  due. 

The  author  regrets  that  the  book  should  have  been  so  long  out  of 
print,  and  the  publication  of  the  new  edition  so  long  delayed.     He 
was  anxious  to  improve  it  to  the  utmost  of  his  power  and  increase  its 
usefulness  as  a  practical  work ;  and  he  has,  therefore,  spared  neither 
time  nor  trouble,  and  has  refrained  from  hurrying  it  through  the 
press,  feeling  satisfied  that  time  spent  in  perfecting  practical  details 
connected  with  demonstration,  is  well  employed.    For,  however  some 
may  be  inclined  to  disparage  hand  work,  as  distinguished  from  head 
work,  it  is  certain  that  no  one  can  become  a  good  microscopical 
observer,  imless  he  is  possessed  of  considerable  manual  dexterity,  to 
be  acquired  only  by  long  practice ;  and  no  work  can  be  higher  or 
more  useful  than  that  of  assisting  to  make  men  original  workers  in 
any  department  of  science,  and  of  encouraging  original  work.    Work- 
ing books  by  working  men  will  do  far  more  towards  these  ends  than 
the  most  brilliant  discoveries,  and  the  author  believes  that  earnest 
men  cannot  labour  more  usefully  than  by  endeavouring  to  make 
others  work. 


6i,  Grostenor  Strekt,  W. 
Atigust,  1864. 
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TO  THE  READER. 

This  work  may  be  "  read  "  by  studying  the  drawings,  with  occa- 
sional reference  to  the  text  A  description  of  each  figure  is  appended 
to  it,  and  in  most  cases  the  page  in  which  the  subject  is  treated  of,  is 
noted.  The  student  will  obtain  more  correct  ideas,  and  in  a  shorter 
time,  by  the  attentive  examination  of  the-  illustrations  than  by 
reading  only. 
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INTRODUCTION. 

• 

1*  Inpeitanee  9f  Hleroseopleml  Hanlpnlatloii.  —  Manual  dex^ 
terity,  although  subordinate  to  many  higher  qualifications,  is  abso- 
lutely necessary  to  the  successful  prosecution  of  every  kind  of 
experimental  science.  It  greatly  assists  us  in  the  discovery  of  new 
methods  of  enquiry,  and  in  devising  ingenious  ways  by  which 
difficulties  may  be  surmounted.  Without  skilful  manipulation,  we 
can  neither  teach  by  demonstration  facts  which  have  been  already 
discovered,  nor  hope  to  extend  the  bounds  of  existing  scientific 
knowledge.  It  is  not  therefore  surprising  that  many  of  the  most 
important  facts  which  have  been  recently  added  to  microscopical 
science,  have  been  discovered  by  men  who  had  previously  well 
trained  themselves  in  experimental  investigation, — ^particularly  in 
practical  chemistry ;  who  had  learnt  by  long  experience  and  careful 
observation,  that  improvement  in  the  practical  details  of  manipula- 
tion almost  necessarily  precedes  an  advance  in  natural  knowledge, 
and  invariably  promotes  and  expedites  true  scientific  progress. 

The  main  object  of  this  work  is  to  instruct  learners  in  microsco- 
pical manipulation,  and  in  the  performance  of  those  operations 
which  are  essential  to  the  successful  demonstration  of  form,  structure, 
and  colour,  under  the  microscope.  To  manipulate  well  is  no  matter 
of  mere  practice,  it  requires  much  mental  application  and  power. 

There  are  perhaps  few  things  upon  which  more  misapprehension 
exists  among  young  men  than  the  importance  of  mastering  elementary 

B 


2  HOW  TO  WORK 

practical  details,  by  which  alone  real  success  in  ihe  higher  branches 
of  work  can  be  attained.  Many  even  express  contempt  for  mere  elemen- 
tary work  and  mechanical  skill.  This  false  notion  has  not  been  dis- 
countenanced by  teachers  in  the  finn  manner  in  which  it  should 
have  been.  In  this  particular  branch  of  enquiry,  for  example,  the 
importance  of  injection  and  of  preparing  specimens  and  other  practical 
work  has  been  very  much  underrated.  This  practical  work  is,  however, 
the  very  grammar  of  the  subject,  which  niusl  be  mastered  and  mastered 
thoroughly.  The  number  of  original  observers  emanating  from  our 
schools  will  vary  according  to  the  encouragement  afforded  to  this 
work,  and  it  i.s  certain  that  he  who  is  most  fully  conversant  with 
elementary  detail  and  most  clever  at  demonstration,  will  be  the  most 
successful  in  the  consideration  of  the  higher  and  more  abstruse  prob- 
lems, and  will  feel  a  real  love  for  his  work,  which  is  denied  to  the 
mere  superficial  enquirer. 

To  endeavour  to  discover  new  methods  of  investigation  is  one 
of  the  most  important  duties  of  every  observer.  To  communicate 
these  to  his  pupils  must  be  the  anxious  desire  of  every  earnest 
teacher  of  any  branch  of  natural  science. 

Many  little  matters  to  which  I  shall  have  to  refer  may  perhaps 
be  stigmatized  as  merely  mechanical ;  others  may  be  regarded  as 
belonging  to  the  province  of  the  chemist  rather  than  to  that  of  the 
microscopical  obsen-er ;  and  not  a  few  will  perhaps  seem  to  some 
readers  unimportant  and  hardly  worthy  of  attention  ;  but  those  who 
know  the  reality  and  the  usefulness  of  thorough  work  will  not  think 
so.  No  man  ever  did  perform  real  work  until  he  had  himself 
mastered  minute  practical  details.  Every  one  who  has  experienced 
the  happiness  of  devoting  himself  to  original  research  naturally 
desires  to  encourage  others  in  the  same  course ;  and  how  can  this 
be  done  better  than  by  showing  as  clearly  as  is  possible  hew  good 
work  may  be  prosecuted? 

By  describing  the  results  of  the  investigations  of  others,  the  teacher  | 
diffuses  knowledge.  By  prosecuting  original  enquiries  himself,  he 
may  contribute  his  mite  to  the  gradually  increasing  stock  of  informa- 
tion ;  but  by  demonstrating  to  his  pupils  tlie  successive  steps  by 
which  conclusions  in  scientific  enquiries  have  been  at  length  arrived 
at,  and  by  describing  minutely  the  methods  employed  in  investiga- 
tion, the  teacher  not  only  encourages  his  pupils  to  become  original 
observers,  and  to  investigate  for  themselves,  but  he  may  place  them 
in  a  position  to  commence  new  researches  at  the  point  where  an 
enquiry  had  been  abandoned  by  preceding  observers. 

Microscopical  investigation    may  be  undertaken  by  persons  in    I 
almost  any  position.   The  numerous  cheap  and  excellent  microscopes  ] 
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■irhich  have  lately  bten  madi;  by  many  English,  makers  have  Ur^ely 
contribuied  to  diffuse  a  knowledge  of  minute  stniclure.   The  annually 

plncreasing  sale  of  instnimenls  of  all  cla.sses  shows  how  popular  this 

f  branch  of  enquiry  is  becoming ;  yet,  it  must  be  confessed  thai  the 
additions  to  scientific  knowledge  are  by  no  means  so  great,  as  a  con- 
sideration of  these  circumstances  would  have  led  one  to  anticipate, 
and  although  there  are  many  instruments,  I  fear  it  must  be  confessed 
that  the  observers  are  comparatively  few.  The  opinion,  thai  it  is  only 
necessary  to  place  an  object  in  the  field  of  the  microscope  in  order 
to  make  out  its  structure,  seems  far  too  prevalent    Much  of  the  dis- 

^appointment,  suffered  by  many  who  are  provided  with  microscopes, 
lay  be  traced  to  this  erroneous  idea. 

I  am  of  opinion  thai  it  is  more  than  ever  needful  we  should 
teach  as  much  as  possible  by  the  eye, — that  in  leaching  any  branch 
of  natural  science  the  demoHslraiion  should  be  combined  with  oral 
description.  The  student  should  see  what  is  described  ;  and  where  it  is 
not  possible  for  the  teacher  to  exhibit  illustrative  specimens,  good 
models,  drawings,  and  explanatory  diagrams  should  be  supplied.  Il 
is  ihe  duty  of  every  teacher  to  study  how  to  communicate  knowledge 
mosi  easily  and  mosl  clearly,  and  to  save  the  student  as  much  time  as 
possible,  for  it  is  not  likely  that  the  amount  of  work  required 
will  be  reduced,  nor  indeed  is  it  desirable  that  it  should  be. 
It  is  therefore  incumbent  upon  teachers  to  facilitate  the  commu- 
nication of  knowledge  in  every  possible  way.  A  lecturer  on 
any  branch  of  microscopic  enquiry  should  show  his  pupils  the  slruc- 
tutes  he  describes,  and  teach  them  how  they  may  demonstrate 
for  themselves  the  facts  observed  in  his  specimens,  and  depicted  in 
his  drawings.  With  the  aid  of  tlie  lilde  microscopes  referred  to  on 
p.  14,  I  can  pass  round  a  class  consisting  of  more  than  a  hundred 
from  eight  to  twelve  microscopical  specimens  in  the  course  of  an 
hour.  For  some  years  past,  I  have  exhibited  and  described  at  each 
of  my  physiological  lectures  at  King's  College,  three  or  four  specimens, 
so  that  in  the  course  of  a  session,  each  pupil  has  an  opportunity  of 
examining  more  than  three  hundred  preparations  of  the  tissues  and 
organs  of  the  body.  As  a  teacher  of  physiology,  morbid  anatomy, 
and  clinical  medicine  in  a  large  medical  school  and  hospital,  I 
have  naturally  been  led  to  direct  ray  attention  chiefly  to  those 
branches  of  microscopical  investigation  which  belong  more  particu- 
iily  lo  these  departments,  or  which  bear  directly  upon  the  invesliga- 
ion  and  treatment  of  disease  ;  but  in  this  work  I  shall  exclude  every 
bing  of  a  strictly  professional  character,  and  shall  allude  only  to  those 
s  applicable  to  general  microscopical  research,  and  to  the 
kvestigatbn  of  animal  and  vegetable  tissues. 


now   TO   WORK 


E     MICROSCOPE    AND     GENERAL     MlCROSCOPICAt     APPARATUS — OT '^ 
ILLUMINATING  OBJECTS— OF  DRAWING,  ENGRAVING,  AND  MEASUR- 
ING—  INSTRUMENTS,    GLASS     CELLS,      CEMENTS,     PRESERVATIVE     ', 
FLUIDS,   AND  OTHER   THINGS    REQUIRED    IN    ORDINARY     MIC 
SCOPICAL    WORK. 


1.  The  HicTwicopc.— It  is  not  desirable  in  a  practical  work  like  the 
prcstnt,  to  enttr  into  minute  details,  concerning  either  the  mechanical 
or  special  arrangements  of  the  microscope,  especially  as  there  are 
many  excellent  books  published  in  this  country-,  in  America,  and  on 
the  Continent,  in  which  lliese  points  are  fully  discussed.  I  shall 
therefore  allude  only  in  general  terms,  and  as  briefly  as  possible,  to 
ihe  various  i>aTts  of  which  the  microscope  is  composed. 

>.  Rlmple  antf  Compound  SHcroseopEn. — The  sitnpU  micfoscopt, 
fig.  a,  pi.  I,  is  of  use  chiefly  in  the  examination  and  dissection  of  com- 
paratively large  ohjccK.  It  consists  of  a  firm  support,  on  whicli  the 
stage  or  rest  for  the  object  is  placed,  the  mirror  being  beneath,  and 
the  object  glass  above.  In  this  arrangement  the  magnified  image  of 
the  object  passes  at  once  to  the  eye  of  the  observer. 

The  compound  microscope  is  the  only  one  now  used  for  micro-    1 
scopital  research.     Until  those  great  improvements  in  the  mode  of  i 
combining  the  glasses,  now  universally  adopted,  had  been  introduced    ' 
by  the  successful  labours  of  Mr.  Lister,  Mr.  Ross,  and  others,  ihe 
compound  microscope  was  a  very  imperfect  instrument,  and  even  up 
to    the    present    century  the    simple  microscope,    as  employed    by 
l.eeuwenhoek,  and  improved  by  WoUaston  and  others,  possessed    , 
many  advantages  over  its  more  complex  but  imperfect  rival. 

In  the  compound  microscope,  fig.  i,  the  object  is  magnified  in  the  | 
first  instance  by  the  object-glass,  C,  and  brought  to  a  focus  within  the 
tube,  as  represented  at  A,  in  the  diagram.  This  magnified  image 
is  again  magnified  by  the  eyepiece,  b.  The  image  is  of  course  in- 
verted, but  this  inconvenience  may  be  obviated  by  causing  it  to 
pass  through  another  set  of  lenses  inserted  in  the  tube  of  the  micro- 
scope, and  termed  the  erector.  This  instrument  consists  of  a  tube,  at 
one  end  of  which  is  a  planoconvex  lens,  and  at  the  other  a  meniscuH,  ' 
3  diaphragm  being  placed  about  midway.  This  is  inserted  in  the  tube   | 
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B'of  the  microscope  above  the  object-glass,  and,  like  the  same  arrange- 
^ment  in  the  telescope,  reverses  the  image. 

The  magnifying   iwwer  of  the   compound   microscope  may  be 
'  augmented  either  by  increasing  the  power  of  the  objed-glass  or  tliat  of 
the  eye-pKce,  or  by  increasing  the  distance  between  the  object-glass 
and  the  eyepiece.     It  must  be  borne  in  mind,  however,  that  in 
increasing  the   power  of  the   eye-piece    we   do  not   magnify   the 
ot;ect  itself  in  a  greater   degree,    but   simply   increase    the  si/e   of 
the   image  of  the   object   formed    by  the  object-glass.     Any  imper- 
fections   which   may    exist    in    the    object-glass    are     thus    great! y 
augmented.      Hence   we  should  never  work  with  deep  eye-pieces, 
but  when  we  wish  to   magnify  an  object  more,    we  should  adapt 
'a  higher  power  to  the  instrument    Information  upon  employing  very 
^  high  powers  will  be  found  near  the  end   of  the  work.     It  will  be 
fc  convenient  for  me  to  allude  in  the  first  place  to  the  optical  portion 
I  of  the  microscope,  and    secondly  to  the  mahanual  appliance  for 

■  moving  the  object,  altering  the  focus,  &c.  The  optical  portion  in- 
I  eludes  the  eye-piece,  object-glass,  and  the  mirror  from  which   the 

ight  is  refleaed  so  as  to  pass  through  the  objecL 

Optical  Porlion  of  thi  Microscope. 

4.  KecmUre  Ere-piew.— The  eyepiece  in  ordinary  use  is  the  nega- 
\life or  Hugkenian  eye-piece,  fig.  3,  pi.  I-     It  consists  of  two  plano- 

X>nvex  glasses,  the  flat  surfaces  of  each  being  directed  upwards. 
The  one  nearest  the  eye  of  the  observer  is  the  eye-glass,  and  the  one 
at  the  greater  distance  ihe  field-glass. 

Reiner's  eye-pieee  is  made  like  the  above,  but  the  eye-glass  is  an 
achromatic  combination.  At  the  suggestion  of  Mr.  Brooke  I  have 
lately  used  this  eye-piece  as  a  condenser  with  the  best  results. 

5.  The  PiMiUve  Bjre-piecc.  of  Ramsden,  is  only  used  in  those 
cases  in  which  it  is  necessary  to  see  distinctly  some  object  in 
the  eye-piece,  as  an  instrument  for  measuring,  at  the  same  time  that 
the  object  itself  is  in  focus.     In  this  the  convex  surfaces  of  each  of 

.  the  two  glasses  are  directed  towards  each  oOier  as  represented  in 
I  fig-  4- 

.  imect-BlMaea.^The  objeet-gtasses,  fig.  7,  pi.  I,  used  in  the  best 

■  instruments  are  of  English  manufacture,  but  some  of  those  furnished 
I  with  the  cheap  microscopes  arc  made  on  the  Continent,  and  are 
I, much  less  expensive. 

The  two  most  useful  object-glasses  for  the  student  are  the  quarter 
Wtf  an  ineh  which,  with  the  No.  t  eye-piece,  should  magnify  from  joo 
a  J20  diameters,  and  tlie  inch  which  should  magnify  from  30  to  40 
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diameters.     The    definition   of  these  glasses  should  be  good,  .md  I 
ihey   should    transmit    plent)-   of  hght,     Any    lines  in    a   stniclurel 
examined  by  them  should  appear   sharp   and   distinct     The  field  I 
should  be  flat,  every  part  of  it  in  focus  at  the  same  time,  not  tool 
small,   and  there  should  be  no  coloured    rings   round  any   object  I 
subjected  to  examination.     The  achromatic  object-glasses  consist  of  I 
three    sets    of    lenses,    each    of  which    is    itself    compound,   but  1 
Mr.  Wenham  has  made  some  excellent  high  powers  with  a  single 
front  leas.      An  imfwrtant  improvement  in  the  making  of  object- 
glasses  has  been  recently  made  by  Mr.  Wales,  of  Fort  Lee,  New 
Jersey,  who   at  the  suggestion  of  Prof,   H.    L.   Smith,  of  Kenyon 
College,    U.S.,  has   added   a  second   posterior  combination,  which 
may  be  substituted  for  the   ordinary    one  when  objects  are  to  be 
examined  with  very  oblique  light.     The  armngement  also  possesses    i 
some  ad\-antages  for  photographic  jiurposes.  I 

Some  object-glasses  of  high  power  are  now  made  so  that  the  9 
object  must  be  viewed  through  a  thin  stratum  of  distilled  water 
placed  between  and  touching  the  surfaces  of  the  front  lens  of  the 
objective  and  the  covering  glass  (a  immersion).     The  image  has  a 
peculiar  brightness,  and  as   Mr.    Brooke  has  observed,  the  object 
is  more  highly  illuminated,  because  more  oblique  rays  are  admitted    ' 
than  would  otherwise  pass  into  the  lens ;  the  working  distance  of  | 
the  objective  Is  somewhat  increased,  while  the  price  of  glasses  of  j 
the  same  magnifying  power  is  less.     Immersion  object-glasses  were  I 
first  made  by  M.  Hartnack,  of  Paris,  the  successor  of  Obcrhauser,  but  I 
others,  as  M.  Merz,  of  Munich,  and  M.  Hasert,  of  Eisenach,  have  f 
since  produced  them. 

The  use  of  objectives  of  very  high  magnifying  power  is  discussed  | 
in  another  part  of  this  volume. 

7.  Spbenm  *iid  Cbromatic  AbeiratlaB. — Unless  the  objective  \»M 
properly  corrected    for  spherical  and    chromatic   aberration,  pi.    I,  f 
figs.  5  &  6,  it   is   valueless  to  the   observer.      Spherical  aberraii6tt\ 
may    be    known    by    the    want    of  sharpness    when   a   fine   line  \ 
or  small  spot,  or  body  with  a  well-defined    circular  outline  is 
amined.      Instead  of   the  lines  appearing  shaqj   and   disrinct  and  1 
definite,  they  seem  to  be  blurred  and  foggy,  even  when  focussed  with  I 
the  utmost  care,  and  when  there  are  several  lines  or  spots  near  to  I 
one   another,    they    appear    to  run    together,   producing  a  general  ' 
shadow,  instead  of  each  one  being  distinctly  defined  and  separated 
from  its  neighbours.     If  the  glass  has  not  been  properly  corrected  for 
(kromatie  aberration,  lines  are  seen  with  coloured  fringes,  blue  if  th 
lens  is  under -airrccteii,  reddish  if  over-eorreeted.  J 

f  Field  can  be  tested  by  moving  an  object  from  one  I 
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part  of  the  field  to  another  without  altering  its  distance  from  the 
object-glass.  If  the  field  is  flat,  the  object  will  appear  equally  well- 
defiaed  in  al!  parts,  but  if  the  glass  is  defective  in  this  particular,  an 
object  accurately  focussed  in  the  centre  will  be  found  to  be  blurred 
Uid  out  of  focus  when  it  is  moved  to  the  circumference.  Or  a  stage 
micrometer,  5  '>o,  ruled  to  hundredths  and  thousandths  of  an  inch 
may  be  brought  into  focus,  If  the  lines  are  sharp  and  clear,  and  per- 
fectly parallel  with  one  another  in  every  part  of  the  field,  the  glass  is 
a  good  one ;  but  if  some  appear  curved  and  thicker  at  the  circum- 
ference of  the  field  than  al  its  centre,  the  glass  is  defective. 

It  is  not  to  be  supposed  that,  even  if  the  most  minute  directions 
were  given,  the  student  just  commencing  work  would  be  able  to  test 
the  object-glasses  he  was  about  to  purchase,  in  all  necessary  par- 
ticulars. Generally  he  may  trust  the  maker,  but  if  he  desires  to 
ascertain  if  his  object-glass  is  good,  perhaps  the  simplest  plan  is  to 
compare  the  images  produced  by  the  same  object  first  placed  under 

own  power  and  then  under  a  glass  magnifying  in  the  same 
degree,  but  of  known  excellence. 

ADKie  ot  Aperture. — For  ordinary  work  it  will  be  found  in- 
convenient if  the  object-glass,  when  in  focus,  comes  too  close  to  the 
object  This  is  a  defect  in  glasses  having  a  high  arig/e  of  aperture. 
The  angle  of  aperture  is  the  angle  made  by  two  lines  from  opposite 
sides  of  the  aperture  of  the  object-glass  with  the  point  of  focus  of  the 
lens.  The  angle  B  A  B  in  fig.  8  is  the  angle  of  apertiu'e.  Glasses 
with  a  high  angle  of  aperture  admit  much  light,  and  define  many 
structures  of  an  exceedingly  delicate  nature,  which  look  confused 
when  examined  by  ordinary  powers,  but  for  general  work  I  recom- 
mend glasses  of  medium  angular  aperture. 

Mr.  Ross  lias  lately  made  glasses  having  an  angle  of  170  degrees, 
which  arc  valuable  for  investigations  upon  many  very  delicate  and 
thin  structures,  such  as  the  diatomaceae ;  but  such  powers  are  not 
well  adapted  for  ordinary  work.  The  importance  of  arranging  the 
object  very  carefully  and  the  necessity  of  paying  great  attention  to 
the  adjustment  and  illumination,  render  these  glasses  inconvenient 
for  general  observation.  The  penetrating  pon-er  of  glasses  with  a  low 
angle  is  much  greater  than  in  those  of  a  high  angle  of  aperture,  so 
that  exact  adjustment  is  much  more  important  in  the  latter  than  in 
the  former. 

The  refraction  produced  by  the  passage  of  the  light  through  the 
thin  glass  covering  the  object  varies  according  to  its  thickness,  and 
it  has  been  found  necessary  to  render  the  higher  powers  capable  of 
being  adapted  to  this  varying  refraction.  It  is  especially  necessary 
in  glasses  of  high   angle   of  aperture,  ajid  is  usually  eflfected  by 
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nltcring  tile  ilisUnce  between  the  front  and  second  pair  of  glai 
An  engraved  line  shows  the  point  to  which  the  lens  should  be  act 
for  untiwrrtd  olif&l  Its  adjustment  for  cat-ercd  objects  is  to  be 
effected  in  the  following  manner  : — arrange  the  objective  as  if  for  an 
undfVfTfd  object  \  then  any  object  covered  with  thin  glass  is  brought 
into  focus  by  moving  the  body  of  the  microscope  ;  next  the  milled 
adjustment  ring  adapted  to  the  object-glass  is  turned  round  und!  any 
particles  of  dust  upon  the  upper  surface  of  the  thin  glass  covering 
object  arc  brought  into  focus.  The  lens  is  thus  "  (orratat"  iar 
thickncM  of  ihe  cover,  and  it  only  remains  to  re-focus  the  object. 

Tlic  mechanical  arrangement  usually  employed  in  this  count 
for  "  correcting "  is  unsatisfactory.  The  screw  usually  works 
honl,  antl  tlie  thread  is  too  cavse.  Iilr.  Wenham  has  introduced 
gieai  impiuvement,  which  entirely  overcomes  these  objections, 
enables  the  observer  to  "correct"  from  time  to  time  while  be  is 
examining  the  object.  The  middle  and  posterior  lenses  are  nude  to 
alter  their  position  instead  of  the  from  lens.  This  is  a  voy 
yiUu.-vblc  iniprorenwnt. 

I*,  hm  Hinwr.  pi.  V,  fig.  19,  dnuld  slide  npoo  sa  npn^it 
beneath  the  stage,  so  tlut  it  may  be  uranged  neai  to,  or  at 
a  disunce  fiom>  the  object,  and  tt  sboinid  be  capable  of  being 
inctinAl  at  any  an^  so  that  tajs  of  Iq^  nuy  be  lelected  from  it 
and  nude  to  pass  directly  thraagb  the  obiect  in  maight  Hnes,  or 
thrown  upon  it  m  a  vcty  obli(|iK  directiao.  TV  minor  sboold  be  of 
Ml  iiiK,  one  sn&oe  (|uite  iibae  aikd  the  other  coacai^  so  thu  a 
Mtong  light  tmf  be  coodenatd  ti|tan  the  obfcct  when  requred.  The 
Mhtonabc  coodcnser  asid  odtcr  pieces  (if  a{if»iMn£  of  adiaatage  for 
oaBwning  objects  by  iwn^iwiwd  sad  reUcded  1a^  are  dcsoibed  to 


any 

i 


^Jh  4incling  aneniien  to  the  ■echajwaJ  ""■g—— «  of  Ae 
k  t  MM  say  a  few  wwfe  ifmB  the  adjEOneats  for  aha-- 

■    •*-T'--trTlfTt»[   kllllM   11.  lallbl    IIH,l 

IL  MNMMMk  Mr  atiMfcit  m»  Mna.— TW  ordBvy  ^ove- 
acM  B  cteiaed  fajr  the  tK^  Md  pinM.  !■  xmk  a^owcaps 
*e  ho^  B  »M^  br  the  Si«<en  ataM^  SMJ  it  Mmn^ed  K>  sUe  in  K 
ttte(*h«hMrNctatd«i*cta*)lifea«dun^«.   hdhebolr*. 

arfifc.  IJdd  Acita^.tait  »<»»  »  nhnim  I  by  the  .anfaHi 
■md  wt  by  a  leva,  bat  Ite 


♦•• 


I 

I 


WITH  THE  MICROSCOPE.  y 

with  a  more  delicate  motion  for  altering  die  focus  when  high 
powers  are  erapioyed.  The  details  of  the  arrangement  of  the  fine 
adjustment  are  different  in  various  instruments.  The  raovetnent  of 
Mr.  Ladd's  chain  is  so  regular  and  delicate  as  to  supersede  the 
necessity  of  a  fine  adjustmenL 

iz.  The  Bodi  of  me  nicroHCope.^ — The  instrument  should  be 
perfectly  steady,  whether  the  body  be  inclined  or  arranged  in  a 
vertical  position  ;  and  not  the  slightest  lateral  movement  or  vibration 
should  be  communicated  to  the  body  of  the  microscope  when  the 
focus  is  altered  by  turning  cither  of  the  adjustment  screws.  The 
base  or  foot  should  be  sufficiently  heavy  to  give  steadiness,  and 
should  touch  the  ground  in  three  places  only,  or  the  body  should  be 
fixed  upon  three  feet. 

The  body  ought  to  be  provided  with  a  joint  by  which  it  may  be 
inclined  or  placed  in  a  horizontal  position,  which  is  required  when 
drawings  are  made  with  the  camera,  or  when  objects  are  measured 
by  the  aid  of  the  instrument.  Another  advantage  gained  by  this 
moveable  joint  is  that  the  muscles  of  the  observer's  neck  do  not 
become  so  tired  when  the  body  of  the  microscope  is  inclined  as 
when  the  head  has  to  be  bent,  for  several  hours  at  a  time,  over  an 
instrument  standing  upright.  The  larger  the  microscope  may  be, 
the  more  necessary  is  this  joint  for  the  comfort  of  the  observer  ;  and 
as  it  in  no  way  impairs  the  steadiness  of  tlie  instrument,  and  only 
adds  a  few  shillings  to  the  expense,  I  recommend  every  one,  in 
choosing  a  microscope,  to  select  an  instrument  which  may  be  placed 
in  a  vertical,  inclined,  or  horizontal  position. 

IS.  The  stsKe  should  be  at  least  three  inches  in  length  by  two 
and  a  half  in  width,  and  there  should  be  a  distance  of  at  least 
an  inch  and  a  half  from  the  centre  of  the  opening  in  the  stage  over 
which  the  slide  is  placed,  to  the  upright  pillar  a,  fig.  9,  pi.  I.  The 
stages  of  the  microscopes  of  Nachet,  Oberhauser,  and  some  other 
foreign  makers  are  too  contracted  for  convenience. 

14.  DiapkraKi"- — Beneath  thestage  a  circulardiaphragni  plate  with 
holes  in  it  of  several  different  sizes,  should  be  so  arranged  that  it  can 
be  made  to  revolve  without  difficulty  and  any  hole  brought  under  the 
object ;  a  catch  is  of  great  advantage  in  placing  the  hole  in  the 
centre  of  the  field,  fig.  9.  Various  arrangements  have  been  adopted 
for  altering  the  size  of  the  aperture  in  the  diaphragm  instead  of 
having  a  revolving  plate  with  holes  of  different  sizes.  One  of  the 
most  ingenious  is  that  devised  by  Mr.  B.  Kincaid  (Mic.  Journal, 
July,  186G,  p.  75).  This  is  made  of  a  short  piece  of  thin  India-rubber 
tube,  the  two  ends  of  which,  fixed  to  brass  tings,  are  made  to  revolve 
in  opposite  directions  so  that  the  central  part  becomes  contracted. 
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Any-sized  aperture  may  be  obtained,  and  the  opening  must  be  alwayf^ 
perfectly  central.     The  graduating  diaphragm  made  by  Mr.  Collins  ii 
however,  the  most  useful  diaphragm  yel  made,  pi.  XIII,  fig.  59, 
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and  Mr.  Matthews  were,  a 
who  brought  out  a  really  | 
with  foreign  object-glasse 
represented  in  pL  III,  figs. 


. — Mr.    Salmon    (1853),    Mr.    Highley,^ 
far  as  I  know,  the  first  makers  in  London 
lod,  cheap,  practical  instrument,  furnished 

Two  of  Mr.  Highley's  microscopes  are 
Mr.  Salmon's  student's  microscope 


represented  in  pi.  II.  The  microscopes  of  Mr,  Ladd  are  thoroughly 
welt  made  ;  and  Messrs.  Murray  and  Heath's  new  microscope  (7/.) 
s  a  very  good  and  most  convenient  instrument.  I  would  strongly 
ecommend  all  who  are  about  to  purchase  a  student's  microscope 
examine  the  instruments  of  these  makers,  as  well  as  tlie  new 
microscope  of  Messrs.  Smith  and  Beck,  which  costs  five  pounds, 
the  students'  microscopes  made  by  Mr.  Colttns,  of  Titchfield  Strt 
and  the  very  cheap  instruments  of  Mr.  Baker,  Holborn. 

i«.  Larm  Mtcroacopu. — The  large  expensive  microscopes  are 
provided  with  every  instrument  which  modem  science  has  placed 
at  the  disposal  of  the  observer.  For  delicate  investigations  many 
of  these  are  invaluable,  but  for  ordinary  work  they  are  not  necessary, 
and  their  e.xpense  is  so  great  as  to  place  them  beyond  the  reach  at 
the  great  majority  of  students.  Very  expensive  and  delicate  instru- 
ments are  seldom  necessary  for  ordinary  work,  and  on  those  few 
occasions  when  a  very  perfect  instrument  is  required,  the  student 
may  appeal  to  some  friend,  who  possesses  a  large  microscope,  for 
permission  to  examine  his  object  by  it.  The  members  of  the  Micro- 
scopical Society  have  the  advantage  of  using  under  certain  regula- 
tions most  beautiful  instruments  provided  with  very  high  powers. 
A  very  complete  one  has  been  liberally  placed  at  the  disposal 
of  the  Society  by  Mr,  Ross.  These  microscopes  are  now  arranged;, 
ready  for  work  at  the  rooms  used  by  the  Society  at  King's  Colleg^.' 
from  6  to  S  o'clock  on  each  evening  the  Society  meets. 
Radcliffc  Library  at  Oxford  is  placed  one  of  Powell  and  Lealand'l 
large  microscopes  complete,  including  a  -^  which  may  be  used 
examination  under  certain  restrictions. 

I  should  advise  those  who  wish  for  a  microscope  as  perfect  as 
can  be  made  in  the  present  day,  to  look  at  the  beautifiil  microscopes 
of  Powell  and  Lealand,  Ross,  and  Smith  and  Beck.      In  alluding 
specially  to  these  instruments,  I  wish  it  to  be  distinctly  understi 
that  I  do  not  in  any  way  disparage  the  work  of  otiier  and  less  eel 
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bmted  makers.     As  I  have  had  very  great  experience  in  the  use  of 
1  the  instraments  of  Messrs.  Powell  and   Lealand,  I  feel  it  right  to 
I  slate  that  I   have  always  found   their  work  most  excellent     These 
I  makers  have  done  much  to  perfect  the  compound  microscope,  and 
[  they  have  produced  the  highest  and  most  perfect  object-glasses  yet 
[  made.     Messrs.  Powell  and  Lealand's  folding  microscope  occupies 
I  a  very  small  space.     It  is  represented  in  pi.  IV, 
I         II.  Binocniar   l«icro»eopes.^The    binocular    is    applicable    to 
I  almost  every  kind  of  microscopical  research,  but  it  is  not  necessary 
for  the  student,  and  I  do  not  recommend  those  who  are  beginning 
to  work  at  microscopical    investigation  generally,  to  provide  them- 
selves with  one.     The  binocular  should  be  a  separate  microscope 
altogether,  or  it  should  be  possible  to  remove  the  binocular  tube 
from  the  body  of  the  microscope  and  substitute  for  it  an  ordinary 
■  tube.     Excellent  and    cheap    binocular   microscopes   (about 
lo/.)   are   made  by    Messrs.   Crouch,   Messre.  Murray   and  Healh, 
Mr.  Collins,  pi.  VI,  and  other  makers.    {See  the  list  of  makers  at  end 
I  of  the   volume.)     Mr.   Collins'  binocular,  which  costs  only  twelve 
L  guineas,  is  represented  in  pi.  VI, 

M.  Nachet's  instrument  and  Mr.  Wenham's  perfected  binocular  are 
I  represented  in  pi.  V,  fig.  15.  Mr.  W'enhani  has  succeeded  in  pro- 
*  duciog  two  or  three  binocular  arrangements.  The  first  plan  he 
adopted  will  be  understood  by  reference  to  pi.  X,  fig.  44 ;  but  the 
new  method  last  suggested  by  him,  and  now  adopted  by  all  micro- 
scope makers  in  this  country  is  shown  in  pi.  V,  fig.  16. 

A(W  Bhuxular  for  the  highest  taagiiifying potvers. — Messrs.  Powell 
and  Lealand  have  recently  succeeded  in  devising  a  plan  by  which 
a  binocular  arrangement  can  be  adapted    to  the   highest    powers. 

PMr.  Wenham's  binocular  now  in  ordinary  use  is  suitable  only  for  the 
examination  of  objects  by  powers  magnifying  less  than  loo  diameters. 
This  new  plati  is  adapted  only  for  the  higher  powers,  and  may  be 
used  with  the  ^. 
The  prisms  employed  aie  represented  in  pi.  V,  fig.  18.     They  are 
placed  above  the  object-glasses.     Of  the  total  number  of  rays  which 
have  passed  through  the  object-gl.iss,  the  greater  part  are  Iransmitled 
through  the  prism  B  and  the  straight  tube  of  the  microscope,  but 
some  suffer  reflexion  from  its  lower  surface,  and  are  received  upon 
^^    the  reflecting  surface  E  of  the  prism  C  in  an  oblique  direction  as 
^^L  shown  by  the  dotted  lines,  and  after  emerging  from  the  surface,  enter 
^^H  the  diagonal  tube  of  the  microscope. 

^^1        The  last  of  the  two  images  Is  less  intense  than  tlie  first,  but  still 
^^H<it  is  light  enough  to  be  seen  very  clearly.     The  two  images  thus 
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observer  as  one,  and  in  relief.     There  is,  however,  no  true  s/tnaseopk'^ 
image,  for  the  one  picture  seems  to  be  in  every  respect,  save  i 
intensity  of  illumination,  the  counterpart  of  the  other. 

I  have  examined  many  objects  by  the  arrangement  of  Messr&fl 
Powell  and  Lealand,  and  find  that  it  works  exceedingly  well  ii 
rice,  and  is  less  fatiguing  than  the  monocular  plan,  and  I  can  reccmti'l 
mend  it  to  those  who  work  with  very  high  powers. 

Mollifications  of  the  principle  adopted  by  Messrs.  Powell  and 
I^aland  in  their  binocular  for  high  powers,  have  been  suggested  by 
Mr.  Wenham,  with  the  view  of  utilising  some  of  the  light  lost  in  their 
system,  but  I  have  not  had  an  opportunity  of  carefully  companng 
the  working   of  Mr.   Wenhsm's   prisms   with  those   of  Powell  and 
Lealand.     From  Mr.  Wenham's  description  there  appears  to  be  some 
difficulty    in    obtaining   perfectly   satisfactory  results.      "  The    two  j 
prisms  need  not  be  pressed  into  contact — if  so,  Newton's  rings  are! 
formed ;  they  may  be  set  a  visible  distance  asunder,  but  great  care  1 
is  needed  in  adjusting  the  small  prism  so  as  to  get  both  reflections 
combined,  otherwise  a  blurred  image  will  be  seen  in  the  slanting 
body."     Mr.  Wenham,  however,  assures  me  that  the  results  are  highly 
satisfactory   if  the  instrument  is    properly  made    according  to  th^  ■ 
directions  he  has  given. 

JVew  binocuiar  mcroseopt. — More  recently,  Mr.  Tolles,  of  Canat 
Iota,  New  York,  has  adapted  a  binocular  eye-piece  to  the  ordi-V 
nary  single  body.  This  gives  a  large  field  well  illuminated,  andV 
seems  to  perform  well  with  low  and  medium  magnifying  powers.! 
Professor  H.  L.  Smith,  in  a  note  to  Dr.  Maddox,  to  whom  I  ainj 
indebted  for  the  following  observations,  says  he  has  even  used  itl 
with  the  ^'j  and  ^V  objectives. 

It  is  constructed  thus  : — an  adjustable  shallow  achromatic  erectoti 
or  eye-piece  slides  in  a  setting  that  fits  the  tube  of  the  single  body  J 
microscope.     By  this  an  image  is  formed  at  the  eye-glass  end.     I'hisl 
image  then  passes  through  the  flat  surface  of  an . equilateral  prism! 
placed  over    the    eye-lens,  and    by  it  is   bisected,  one  half  being 
refracted  towards  the  right,  the  other  half  to  the  lefL     After  these 
rays  have  emerged  from  the  prism,  they  pass  into  prisms  of  the  form 
used  by  M.  Nachet  in  his  binocular  microscope  (and  suggested  for  J 
use  here  by  Professor  Smith,  as  the  rectangular  prisms  first  employed* 
by  Mr.  Tolles,  did  not  give  satisfactory  results),  and  escape  fi'oia>l 
their  outer  surfaces  at  the  angle  of  total   internal  reflection.     The  J 
rays  are  lastly  transmitted  through  Iwo  deep  eye-pieces  or  ocular*  \ 
superposed  over  the  two  prisms  last  described.     S^  p!.  V,  fig.  i 

By  a  small  pinion  these   prisms  are  adjusted  for  the  variable  \ 
distance  between  the  eyes   of  different  observers,  and   Mr.  Ladd  J 
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^^Bas  much  improvect  and  simplijied  that  adjustment  by  tlie  Ui>e 
^^^uf  a  circular  disc  with  two  eccentric  slots,  which  entirely  super- 
^^Medes  the  rack  and  pinion.  The  shallow  eye-piece,  or  erector. 
^^■'B  made  to  slide  in  the  eye-piece  tube  for  the  purpose  of  varying 
the  distance  between  the  eye-lens  and  the  prism  placed  over  it, 
according  to  the  power  of  the  objective  in  use. 

In  this  new  binocular  we  have  a  modification  of  the  plan  first 
adopted  by  M.  Nachet,  which  promises,  however,  to  be  far  more 
successful  than  that  was.  Mr.  I^dd  has  undertaken  the  manufac- 
ture of  this  form  of  binocular  apparatus  in  England. 

tis.  Trmvtillns    Mlcrincopei-^jWr.     Warington's  Arran^emeni. — 
or  travelling,  and  especially  for  sea-side  work,  it  will  be  convenient  to 
!  provided  with  a  microscope  which  can  be  packed   in  a  smaller 
tmpass  than  the  instruments  already  described.     Mr.  Warington, 
ime  time  since,  designed  a  very  simple  microscope  for  travelling 
irposes.    The  stand  consists  of  two  flat  pieces  of  oak,  fitted  at  right 
angles  to  each  other  by  means  of  pegs.     The  stage  is  inserted  into 
the  longer  one,   to  the  top  of  which  the  body  of  the  microscope  is 
adapted  by  means  of  a  clamp.     The  horizontal  bar  carrying  the  body 
^^bui  be  moved  backwards  and  forwards  through  a  tube  arranged  to 
^^^hceive  it.      This  instrument  can  be  placed  in  an  upright  or  inclined 
^Hposition,  and  by  means  of  the  clamp  the  body  can  be  attached  to  a 
table,  so  that  living  objects  in  upright  glasses  can  be  subjected  to 
examination.     In  its  present  form,  however,  the  instrument  is  not  so 
steady  as  could  be  wished.     Several  improved  forms  of  instrument 

Einged  according  to  the  same  principle  have  been  suggested. 
19.  Tmvcllins,  niHcctins,  and  VlTarliun  IHIcriHtcape. — Another 
pie  form  of  travelling  microscope  is  described  by  me  in  the  fourth 
vuiume  of  the  Transactions  of  the  Microscopical  Society,  page  13. 
This  instrument  was  made  entirely  of  lubes,  and  was  very  steady. 
It  could  be  used  as  a  microscope  for  dissecting,  for  looking  at  objects 
in  a  vivarium,  and  for  all  ordinary  purposes.  Focussing  was  effected 
very  rapidly  by  means  of  a  knee  lever,  which  was  kindly  made  for 
me  by  Mr.  Becker,  instead  of  a  screw.  The  arrangement  has,  how- 
ever, been  superseded  by  cheaper  instrument. 

Mr.  Highley  has  suggested  a  very  cheap  form  of  travelling  micro- 
scope which  is  also  strong  and  useful.  This  is  described  in  the  Micro- 
scopical Journal,  vol.  iv,  page  278.  A  very  ingenious  Utile  micro- 
scope, which  packs  in  a  small  leather  case,  has  more  recently  been 
introduced  by  Mr.  Baker,  of  Holborn.     The  body  of  the  last  two 

Ktruments  can  be  readily  adapted  to  the  tube  carrying  the  stage  of 
:  microscope  next  to  be  described,     Mr.  King,  Naturalist,  of  the 
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examining  living  objects  in  vivai 
vivarJLim  by  meaus  of  '^  pneui 
guineas.     This  is  made  by  Mr.  Coliins,  of  Titchfield  Street 

Xm.  Clinical,  Pseket,  TrkvcUlnB,  and  Claw  MlcroMopc.— Under 
this  head  I  propose  lo  describe  an  instrument  devised  by  me  some 
years  since  which  I  have  found  very  useful  for  ordinary  observation, 
in  the  field,  and  also  for  medical  work,  and  it  has  been  employed 
with  great  success  for  class  demonstration. 

TAir  Mkroseope. — Like  some  other  instruments  which  have  fr 
time  to  time  been  proposed,  this  microscope  is  composed  of  di 
tubes  like  a  telescope ;  but  the  arrangement  of  the  stage,  and  the  I 
plan  adopted  for  moving  the  slide  when  different  parts  of  the 
object  are  submitted  to  examination,  differ  entirely,  as  far  as  I  am. 
aware,  from  those  hitherto  proposed.  The 
three  tubes,  a,  b,  c,  fig.  ai,  plate  VII ;  a  carries  the  eye-piece,  is  fi: 
and  a-half  inches  long,  and  slides  in  b,  which  is  of  the  same 
but  only  slides  up  lo  its  centre  in  the  outer  tube  c.  Tube  b 
the  object-glass.  The  tube  c  can  be  fixed  by  aid  of  a  screw  ring 
at  any  height,  according  to  the  focal  length  of  the  object-glass.^ 
This  arrangement  prevents  the  object-glass  from  being  forced  through 
the  preparation  by  careless  focussing.  At  the  lower  part  of  the  body 
is  an  aperture  for  throwing  the  light  on  opaque  objects.  The  pre- 
paration is  kept  in  contact  with  the  flat  surface  below  by  a  spring 
which  allows  the  requisite  movements  lo  be  made  with  tlie  hanc  ' 
figs.  22,  23. 

That  part  of  the  object  which  it  is  desired  to  examine  can  be 
easily  placed  opposite  the  object-glass  if  the  instrument  is  inverted. 
The  proper  focus  is  obtained  by  3  screwing  movement  of  the  tube 
b;  and  if  it  be  desired  to  examine  any  other  parts  of  llie  object, 
this  is  easily  effected  by  moving  the  slide  with  one  hand,  while  the 
instrument  is  firmly  grasped  with  the  other.  Delicate  focussing 
effected  by  drawing  the  tube  a  up  and  down.  By  this  movement  the 
distance  between  the  eye-piece  and  object-glass  is  altered. 

Any   object-glass    may  be  used  with    this    instrument      I  hai 
adapted  various  powers,  from  a  three-inch,  magnifying  fifteen  diameters^ 
lo  a  twelfth,  magnifying  seven  hundred  diameters,  and  I  feel  sure  that 
even  higher  powers  may  be  used. 

In  the  examination  of  transparent  objects,  p.  18,  ordinary  daylight 
or  the  direct  bght  of  a  lamp  may  be  used  ;  or,  if  more  convenient,  the 
tight  may  be  reflected  firora  a  sheet  of  white  paper,  or  from  a  small 
mirror  inclined  at  the  proper  angle,  and  placed  on  ihe  table.  In 
examining  objects  by  refie^ed  light,  p.  18,  sufficient  illumination  is 
obtained  from  an  ordinary  wax  candle  placed  at  a  short  distance  from 
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Ine  aperture,  just  above  the  object.     But  the  most  beautiful  effects 
result  from  die  use  of  the  Lieberkuhn,  §  30,  with  direct  lighL 

The  slide,  as  has  been  staled,  is  kept  in  contact  with  the  lower 
part  of  the  instrument,  which  I  have  called  the  stage,  by  a  spring 
which  is  therefore  made  to  press  on  the^iT;*  of  the  slide.  On  die  other 
side  of  the  stage  a  little  si-rewand  damp  are  placed  so  that  the  speci- 
men may  be  fixed  in  any  position  that  may  be  desired,  figs.  21,  23, 
17. 

In  using  this  microscope,  the  slide  with  the  object  to  be  examined 
|E  placed  upon  the  stage,  the  thin  glass  being  upwards  towards  the 
object-glass,  while  the  spring  is  made  to  press  upon  the  under 
surface  of  the  slide.  The  little  screw  is  removed.  The  slide  may 
now  be  moved  in  every  position,  and  any  particular  object  to  be 
examined  can  readily  be  placed  exactly  under  the  object-glass. 
Tube  a  is  withdrawn  about  two-thirds  of  its  length.  The  tube  c 
being  firmly  held  with  the  left  hand,  b  is  grasped  with  the  right, 
tod  with  a  screwing  motion  the  object-glass  is  brought  to  its 
loper  focus.     The  specimen  having  been  fixed  with  the  little  clamp, 

I  the    lube   fixed    in   its  position  by  screwing   down   the  ring 
on    tube   c,   the  instrument  may  he    passed    round  a   class, 

s  microscope  seems  to  be  well  suited  for  field-work  and  especially 
r  botanical  purposes,  It  is  not  heavy,  and,  including  thepowers 
Utd  an  animalcule  cage,  will  easily  pack  into  a  tube  or  case  six  and 
a-half  inches  long  and  two  inches  in  diameter.  I  constantly  use  it  in 
clinical  teaching.  Various  deposits,  specimens  of  sputum,  &c.,  may  be 
examined  by  the  patient's  bedside,  and  their  characters  demonstrated 
to  the  class.  The  instrument  is  made  by  Messrs.  Powell  and  Lealand, 
by  Mr.  Highley,  and  other  makers,  Messrs.  Murray  and  Heath 
have  carried  out  some  improvements  in  fixing  the  object  which  have 
been  suggested  by  my  friend  Dr,  Guy. 

The  Stand. — The  arrangement  of  the  stand  will  be  at  once  under- 
stood by  reference  to  fig.  29,  pi.  VII.  The  structure  of  the  lamp  is 
represented  in  fig.  26,  It  is  an  ordinary  oil  lamp  with  a  diaphragm, 
just  level  with  the  wick,  in  order  to  cause  a  powerful  airrent  of 
air  round  the  flame.  By  this  means  all  flickering  is  prevented,  and 
the  instrument  may  be  moved  about  without  fear  of  the  light  being 
blown  ouL  The  diaphragm  is  made  of  a  plate  of  mica,  and  the 
same  substance  is  placed  over  the  aperture  in  the  chimney  h.  The 
lamp  is  made  to  slide  in  the  grooves  marked  b,  g,  fig.  29,  pi.  VII,  and 
it  is  fixed  at  a  proper  distance  from  the  object  by  the  screw  /,  fig,  j6. 
At  first  I  used  oil,  but  for  some  time  past  I  have  burnt  paraffin  which 
^^■kmudi  cheaper  and  gives  a  far  better  light.  When  recjuired  for 
^^^Eflected  light,  the  lamp  is  placed  in  the  groove  marked  g,  fig.  29.     A 
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good  modification  of  the  lamp  has  lately  been  mad 
Mr.  Higliley  whith  possesses  some  advantages  over  the  one  figured. 
It  is  probable  that  this  may  be  somewhat  modified.  In  the  last 
arrangement  the  lamp  is  made  to  slide  on  a  horizontal  bar  which 
turns  on  a  pivot,  so  that  the  position  for  reflected  light  is  easib 
secured,  pi.  VII,  fig.  30,  A  mirror  is  employed  by  day,  and  slid^ 
in  the  same  groove,  or  upon  the  same  rod,  as  the  lamp. 

The  minor,  achromatic  condenser,  polariscope,  and  drawing 
apparatus  can  all  be  readily  adapted  to  this  instrument,  and  it  will 
be  found  convenient  for  photographic  purposes.  The  microscope, 
without  powers,  can  be  purchased  for  twenty-five  shillings,  and  widl 
the  stand  it  will  probably  cost  not  more  than  three  pounds. 

By  this  plan    I  have  been    able  to  show    twelve   preparation! 
magnified  from    ij  to  500  diameters,  to  a  class  of  upwards  of  a 
hundred    during   an   hour's   lecture.        In    about  two   minutes    the 
specimen  riiay  be  changed  and  another  placed  in  its  stead.     The 
condenser,  mirror,  diaphragm,    polariscope,  &c.,  may  also  be  made 
to  slide  upon  a  rod  fixed  to  the  lower  part  of  the  stage  as  shown  in 
fig,  36,  pi.  VIII.     I  have  had  an  arrangement  adapted  to  this  micro- 
scope which  enables  me  to  use  it  for  demonstrating  structures  with  stiU.a 
higher  powers.     In  the  instruments  used  at  my  lectures  given  i 
1861  at  the  College  of  Physicians,  I  was  able  to  use  successfully  i 
powers  up  to  the  twelfth  (700  diameters),  and  I  feel  quite  satisfiec 
that  the  plan  will  succeed  equally  with  the  highest  powers  which  hav^ 
ever  been  made.     An  instrument  has  been  made  to  take  the  ^y. 

These  hand  microscopes  can  aJso  be  readily  arranged  in  a  li 
pi.  VIII,  figs.  33,  34,  or  in  a  six  or  eight-sided  frame,  figs.  31,  3!, 
the  centre  of  which  the  light,  to  illuminate  all  the  objects  at  on 
may  be  placed.  One  advantage  of  this  arrangement  for  demonstn 
ling  to  a  class  is  that  while  every  one  can  alter  the  focus  to  suit  h 
vision  the  preparation  and  light  are  quite  out  of  reach. 

These  simple  tube  microscopes  have  been  modified  inmany  way».* 
by  various  makers,  and  some  have  been  made  so  small  that  they  may 
he  carried  in  the  waistcoat  pocket.  An  instrument  of  this  kind  is 
inade  by  Mr.  Highley.  It  is  four  inches  long  and  only  three  quarters 
of  an  inch  in  diameter,  and  is  sold  for  a  guinea.  Not  being  providai 
with  the  stage  and  spring,  only  one  spot  in  the  field  can  be  broughfl 
under  the  object  glass,  but  it  is  only  intended  for  low  magnifyini 
powers  which  give  a  large  field,  pi.  VIII,  fig.  37. 

SI.  Dl»««ctiiiK    Microtcopc.— In    figs.    38,    39,    40,    pi. 
shown  the  form  of  dissecting  microscope  devised  and  recommendec 
iiy  the  late  Professor  Quekett      Fig.   40  shows  the  internal   ; 
rangement  and  the  manner  in  which  the  mirror,  lenses,  and  lena 
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holders  are  packed  away.     The  instrument  is  furnished  with   three 
lenses,  and  is  to  be  purchased  at  a  moderate  price. 

Lawson's  Dissecting  Binocular  Microscope,  as  made  by  Collins, 
p1.  IX,  fig.  41,  though  only  constructed  for  slight  magnifying  power 
is  exceedingly  compact  and  enables  the  observer  to  use  both  eyes. 
It  is  furnished  with  two  sets  of  stereoscopic  lenticular  prisms,  dissect- 
ing instruments,  &c.     It  costs  two  guineas. 

SI.  ApptuMiu  ncccunr)'  for  the  itudcnl. —  Every  student's 
microscope  should  be  provided  with  a  neutral  tint  glass  reflector  for 
drawing  and  measuring  objects,  a  diaphragm,  to  the  under  part  of 
which  is  fitted  a  tube  to  receive  an  achromatic  eondeiiser  or  pularising 
apparatus :  a.  bull's  eye  condenser,  one  shallow  eyepiece,  and  two  powers 
— a  low  one,  magnifying  from  10  to  40  diameters,  and  a  quarter,  or  a 
four-tenths  of  an  inch  which  magnifies  \&o  diameters,  a  stage  micro- 
meter, §  60,  a  Maltwood's  finder,  or  the  plan  adopted  by  Mr.  Baker, 
5  68,  and  an  animalcule  cage,  5  134. 

These  instruments  should  be  conveniently  packed  in  the  case 
with  the  microscope.  The  polarizing  apparatus  and  the  achromatic 
condenser  (see  page  25)  are  not  absolutely  necessary  for  a 
beginner  and  can  be  purchased  afterwards.  The  cost  of  the  micro- 
scope without  these  last  instruments,  but  including  the  other 
apparatus  mentioned,  in  a  well-made  case,  need  not  be  more 
than  six  pounds ;  and  if  the  microscope  be  mounted  on  a 
cast-iron  foot  instead  of  a  brass  one,  it  may  be  obtained  for 
■bout  a  pound  less,  without  its  practical  utility  being  in  any  way 
impaired. 

The  great  number  of  different  microscopes  and  the  excellent 
workmanship  employed  in  their  construction  render  it  a  difficult  as 
well  as  a  delicate  task  for  a  teacher  to  recommend  any  special  one 
to  his  pupils.  Although  many  of  the  instruments  which  I  have  used 
Jire  exceedingly  good,  I  doubt  not  that  there  are  others,  which  I 
have  never  had  the  opportunity  of  testing,  as  good  in  every  respect. 
The  names  and  addresses  of  the  principal  English  and  Foreign 
microscope  makers  will  be  found  at  the  end  of  this  volume. 
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SS.   Beawt««   Uffbt,  Tnunamlttcd  Llsht,  and  Pnlarlud  Llsht. — 

r  the  internal  structure  as  well  as  the  external  surface  of  an  object 
e  examined  in  the  microscope,  the  observer  will  form  an  idea  of  its 
ture  very  different  to  that  which  he  would  have  arrived  at  if  he 
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had  regarded  one  set  of  characters  only.  And  by  employing 
polarised  light  peculiarities  in  the  structure  of  an  object  may  b 
discovered  which  cannot  be  perceived  when  it  is  examined 
ordinary  light. 

I    must,    therefore,  draw   the   student's  attention    to   the  I 
following  methods  of  directing  the  light  upon  objects  to  be  subtnitte 
to  microscopical  examination. 

1.  JiejUcteii  light. — In  the  examination  of  an  object  by  reflected 
light,  ordinary  diffused  daylight  may  be  allowed  to  fall  upon  it,  or 
light  may  be  received  upon  a  metallic  reflector,  or  be  refracted 
through  a  pri.sm  placed  at  the  proper  angle  and  thus  made  to  impinge 
upon  the  surface  of  the  object  The  intensity  of  the  illumination 
may  be  increased  by  employing  a  conrave  mirror  or  a  bull's-eye 
condenser,  §  a;. 

By  this  mode  of  examination  we  gain  information  concerning  t] 
peculiarities   of  the  surface   only,  as  in    looking  at  objects   undot 
ordinary  circumstances.      The  surface  of  a  perfectly  transpar 
object  may  be  examined  by  reflected  light,  §§  30,  32. 

2.  Transmittid light  passes  through  the  object  which  is  examinediJ 
which  must,  therefore,  be  transparent  or  capable  of  being  rendered'! 
so  by  some  special  method  of  preparation,  §  140. 

In  this  way  any  peculiarities  of  internal  structure  are  discerned." 
Transmitted  light  may  be  made  to  pass  from  the  source  of  illumina- 
tion   direct  through   the  object,   or  the  rays  of  light  may  first  be 
received  by  a  mirror  or  prism  and  then  irauasmitted  in  a  straight  or 
oblique  direction  through  the  preparation. 

3.  PolariseJ  Light. — The  light  is  polarised  by  being  made  to 
txavetse  certain  crystalline  substances  which  possess  the  polarising 
property  before  it  is  transmitted  through  the  object  A  crystal  of 
that  form  of  carbonate  of  lime,  known  as  Iceland  or  rhomboidal  spar, 
tourmahne,  or  iodo-quinine,  is  the  most  convenient  for  this  purpose. 
The  first  is  generally  used  under  the  name  of  Nicol's  prism  which  is 
made  by  dividing  a  crystal  of  Iceland  spar  obliquely,  and  then  care- 
fully cementing  the  two  portions  together  with  Canada  balsam.  In 
this  way  one  of  the  two  images  produced  by  this  double  refracting 
crystal  is  refracted  out  of  the  field  of  vision  while  the  polarising 
property  is  not  in  any  way  affected.  Dr.  Herepath  has  sent  me  two 
beautiful  crystals  of  the  iodo-quinine  or  herapathite  which  he  dis- 
covered some  years  ago.  The  crystals  are  mounted  between  two 
pieces  of  thin  glass  and  work  very  satisfactorily.  One  of  the 
crystals  above  referred  to  is  fitted  beneath  the  stage  of  the  micro- 
scope. This  is  called  the  polariser.  Another  termed  the  analyser 
is  inserted  in  the  tube  of  the  microscope  or  is  placed  above  the  eye- 
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piece,  pi.  XIII,  tigs.  57  and  58.     Either  the  analyser  ox  the  polaTuer 
should  be  so  arranged  that  it  may  be  made  to  rotate. 

By  polarised  light  the  internal  structure  of  various  transparent 
objects  can  be  rendered  evident  in  a  very  beautiful  manner,  but  for 
,  ordinary  microscopical  work  this  method  of  observation  is  of  httle 
I  use,  and  I  think  the  advantage  of  polarised  light  in  general  micro- 
I  scopical  enquiries  has  been  much  overrated.  In  examining  objects 
I  by  polarised  light  beautiful  effects  may  be  obtained  by  interposing 
I  between  the  polariser  and  the  object  thin  plates  of  certain  crystalline 
I  substances  which  should  be  so  arranged  as  to  be  capable  of  revolving. 
I  The  play  of  colours  which  may  be  produced  in  this  way  by  the  aid 
I  of  selenite  is  in  the  case  of  many  objects  very  beautiful.  Plates  of 
[  different  degrees  of  thickness,  each  giving  a  different  colour,  may  be 
I  obtained  of  the  opticians, 

Sourca   0/  Illuminatwn. 

Ordinary  daylight  or  sunlight  reflected  from  a  white  cloud  affords 
the  best  illumination,  but  the  light  of  a  candle,  gas,  or  good  lamp 
answers  exceedingly  well  if  certain  precautions  be  taken.  Daylight 
is  ustully  reflected  from  the  mirror.  In  the  examination  of  trans- 
parent objects  the  microscope  is  arranged  as  in  pi.  X,  fig.  42,  and  the 
light  is  usually  reflected  by  the  mirror.  Sunlight  is  only  employed 
under  very  special  circumstances,  as  for  examining  objects  by 
coloured  media,  when  an  intense  light  is  required,  or  for  the  pur- 
pose of  taking  photographs  of  microscopic  objects.  See  Part  IV 
on  Photography. 

14.  Artinctal  lUomlnaitaB. — It  has  been  said  with  truth  that 
microscopical  work  should  be  undertaken  only  by  day,  since  the 
most  perfect  artificial  light  which  can  be  obtained  is  far  inferior  to 
daylight  for  delicate  observation,  while  it  strains  the  eyes  very 
much  more.  But  unfortunately  it  happens  that  in  this  country, 
especially  in  our  large  cities,  during  a  great  part  of  the  year,  our  day- 
light is  not  very  suitable  for  microscopical  investigation,  while  some 
of  us,  in  consequence  of  being  occupied  in  work  of  perhaps  a  very 
different  kind  by  day,  are  compelled  to  work  principally  or  entirely  by 
nighL  It  is  therefore  a  matter  of  the  greatest  importance  that  we 
should  be  provided  with  a  good  kind  of  artificial  illumination. 


1^ 


Lamps. 

From  time  to  time  various  microscope  lamps  have  been  pro- 
id.     The  small  eamphitu  lamp  brought  out  many  years  ago  by 
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Messrs,  Smith  ami  Beck,  and  since  modified  for  parafiiiic,  represented 
in  pi.  XI,  fig,  46,  gives  a  white  light,  and  produces  very  little  heat. 
Oi  oil  lamps  there  are  several  which  serve  for  microscopical  examina- 
tion. The  German  Ar^and  lamp,  lately  imported  into  this  country 
by  Mr.  Pillischer,  is  a  good  microscope  lamp,  and  so  also  is  the 
ordinary  French  moderalor,  especially  if  provided  with  a  blue  or 
neutral  tint  glass  chimney,  and  a  shade.  But  these  lamps,  and  indeed 
gas  itself,  yield  to  paraffine  and  belmontine  which  give  an  exceed^ 
ingly  steady  and  white  light  with  very  little  heat. 

SB.  Par»iiinB  i^mmpi-— For  some  years  past  I  have  been  in  tb( 
habit  of  using  one  of  the  common  little  paraffine  lamps,  tenned  night 
lamjis,  with  a  small  round  wick,  which  may  be  bought  for  u.  6rf. 
pi.  XI,  fig,  47,  This  gives  a  very  white  light,  and  is  most  convenient, 
as  well  as  economical.  A  pale  blue  glass  chimney  improves  the 
quality  of  the  light,  and  a  shade  protects  the  eyes  from  the  general 
glare,  I  use  this  lamp  with  the  fiftieth,  and  find  that  it  works  ad- 
mirably. 

Mr.  Collins  sells  an  excellent  paraffine  lamp  under  the 
the  "  Bockett  I.:amp,"  which  is  provided  with  an  adjustable 
reflector,  a  bull's  eye  condenser,  and  a  blue  glass  chimney.  One 
these  has  been  fitted  up  with  a  round  wick,  like  the  little  lamp 
above  referred  10.  I  do  not  think  anything  more  simple  or  con- 
venient for  microscopical  purposes  can  be  obtained,  fig,  48,  pi.  XI. 

SS.  Su  Lmmp*.' — Tor  those  who  prefer  gas  I  recommend  the 
gas  lamp  of  Mr.  Highley,  which  is  provided  with  a  flat  brass  plate 
and  a  water  bath,  instruments  of  great  use  in  microscopical  investi- 
gation, pi.  XI,  fig.  49.  The  light  is  made  to  pass  through  an  open- 
ing in  a  diaphragm,  so  that  the  eyes  are  quite  protected  from  the 
diffused  light  A  very  pleasant  light  is  produced,  as  in  other  lam] 
by  causing  the  rays  to  be  transmitted  through  a  blue  chimney  gli 
and  a  flat  piece  of  neutral  tint  glass.  The  objection  to  this  lamp  S 
its  great  heating  power. 
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The  eye  not  observing  should  always  be  kept  open,  but  protecUJ 
ft-om  the  direct  glare  of  the  microscope  lamp.  For  this  purposed 
shade  made  of  black  paper  may  be  fitted  to  the  body  of  the 
ment  at  a  convenient  distance  below  the  eye-piece. 


Of  examining  lite  Surface  of  Objects  by  Reflected  Light. 

Ordinary  diffused  daylight  or  lamplight  may  be  used  for  thisi 
purpose,  but  this  mode  of  illuminating  opaque  objects  will  seldot 
give  satis^tory  results.     Unless  sunlight  or  some  other  very  powi 
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fill  lit;ht  be  employed,  it  is  necessary  lo  concentrate  the  rays  upon 
the  surface  of  the  object  placed  in  the  focus  of  the  object-glass  by 
the  aid  of  one  of  the  following  instruments. 

i1.  BoU'B  Bye  cnndenaer. — This  instrument  is  provided  with  all 
microscopes,  and  needs  no  description.  Different  modes  of  mounting 
the  plano-convex  lens  are  represented  in  figs.  51  and  52,  pi  XI,  and 
the  position  of  the  microscope,  condenser,  and  light  in  (ig.  43r  p).  X. 

X8.  netAlllc  RcBrcMr. — A  concave  metallic  reflector  may  also  be 
used  to  bring  the  rays  of  light  from  a  lamp  to  a  focus  on  the  object. 
This  instrument  is  fitted  to  the  side  of  the  microscope.  1  do  not,  how- 
ever, think  it  possesses  any  advantages  over  the  bull's  eye  condenser. 

l».  Beck'M  Parsboiic  ReOcctor,  pi.  XI,  fig.  50, — This  instniment 
is  made  to  fit  on  and  rotate  round  the  object-glass  ;  it  answera'  ad- 
mirably for  condensing  the  light  on  the  surface  of  objects,  and  by 
throwing  the  rays  in  any  particular  direction  across  the  surface 
enables  the  observer,  by  the  assistance  also  of  the  shadows,  to  deter- 
iture  of  irregularities  upon  some  objects  in  a  very  satis- 
factory manner.  By  the  adaptation  o(  a  little  reflector,  arranged  as 
represented  in  fig.  50,  pi.  XI,  Mr.  Sorby  gained  great  advantage  in 
the  examination  of  ihe  fractured  surfaces  of  iron  and  sleet  See 
Microscopical  Journal,  Oct.  1865,  p.  117. 

S*.  Lleburkubn. — The  rays  of  light  reflected  from  the  mirror 
and  passing  round  the  cireumfrreme  of  Ike  object  placed  in  the  field 
impinge  upon  a  concave  annular  rffleetor  or  Lieberkukn  adapted  lo 
the  object-glass,  from  which  the  rays  are  reflected  downwards,  and 
brought  to  a  focus  upon  the  surface  of  the  object  itself,  pi.  XII, 
fig-  S3- 

If  a  transparent  object  is  to  be  examined  by  reflected  light,  a 
piece  of  black  paper,  rather  larger  than  the  aperture  of  the  object- 
glass,  should  be  placed  behind  it  to  prevent  the  passage  of  tight 
through  it,  or  one  of  the  stops,  fig.  53  c,  supplied  with  some  instruments 
may  bi:  inserted  in  its  place  beneath  the  stage.  The  stops,  however, 
are  not  furnished  with  many  of  the  modem  microscopes. 

SI.  Amuisement  for  cxamlnlnic  Opaque  OtJcctB  with  Tcrj  Hlgli 
Powen.^ — Prof.  H.  Lawrence  Smith,  of  Kenyon  College,  Gambia, 
Ohio,  U.S.,  has  introduced  a  plan  by  which  the  object-glass  is  made 
its  own  illuminator.  The  rays  of  light  are  admitted  at  the  side  of 
the  lower  part  of  the  tube  of  the  body,  received  upon  a  small  silvered 
mirror  set  at  t!ie  proper  angle,  and  cutting  off  a  portion  of  the  aper- 
tare,  by  it  thrown  down  through  the  objective  to  the  object,  and 
returned  through  the  object-glass  and  aperture  of  the  mirror  lo  the 
eye-piece. 

Messrs.  Powell  and  Lealand  substituted   for  the  silvered  mirror  a 
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piece  of  tliin  plate  glass  (^  of  an  inch  thick)  placed  at  an  angle  of, 
45  (legs.  In  this  way  loss  of  light  was  avoided,  as  the  inagnifiedi 
image  was  seen  through  the  glass. 

The  late  Mr.  R.  Beck  about  the  same  time  adopted  a  similw! 
plan,  using  a  circular  piece  of  ordinary  thin  covering  glass,  which 
was  arranged  so  that  the  angle  of  inclination  could  be  altered  if| 
required.  I  learn  from  Dr.  Maddox  that  Prof  Smith  still  gives  the 
preference  to  his  own  arrangement 

These  new  methods  of  illumination  which  are  improvements  upon. 
thai  devised  five  years  since  by  Mr.  Hewitt,  but  on  the  same  prin- 
ciple, are  valuable  for  observations  upon  the  diatomaceie.  For  a 
full  description  the  reader  is  referred  to  Professor  Smith's  paper  in 
Silliman's  Journal  for  September,  rS6s  ;  Mr.  R.  Beck's  paper  in 
the  Microscopical  Journal  for  April,  1866;  and  the  remarks  made 
by  Mr,  Wenham,  Mr.  Slack,  Mr,  Lobb,  and  others  in  the  same 
number. 

Mr.  Dancer  has  proposed  another  modification  of  the  above 
plan.  A  little  speculum,  only  one-sixth  of  an  inch  in  diameter,  is 
introduced  through  a  lateral  aperture  two  inches  and  a  half  above 
the  top  of  the  object-glass,  and  placed  at  a  proper  angle  to  reflect 
the  rays  downwards  (Popular  Science  Review,  April,  1866,  p.  149). 

ss.  Barbi^tTeiuid  lUumlnfttton. — In  this  place  1  must  allude 
cursorily  lo  a  mode  of  illumination  which  has  been  much  in  repute 
of  late  years,  and  which  is  very  advantageous  for  demonstrating  some 
structures.  I  refer  to  dark-ground  Uluminalion,  in  which  the  object 
appears  in  relief  upon  a  black  ground.  In  this  mode  of  illumina- 
tion, which  is  particularly  applicable  to  investigations  upon  some 
very  minute  organisms,  such  as  the  diatomaceie,  the  direct  rays  arc 
prevented  from  penetrating  the  specimen,  and  passing  through  the 
object-gl.iss,  but  the  preparation  is  highly  illuminated  upon  all  sides 
by  light  made  to  impinge  upon  it  in  a  very  obhtjue  direction.  Thus 
the  object  is  thoroughly  illuminated  upon  every  part  of  its  surface, 
but  the  ground  on  which  it  lies  appears  perfectly  dark.  There  are 
several  methods  by  which  this  result  may  be  obtained.  One  very 
simple  little  instrument  is  termed  a  sfol-glnsi,  and  consists  of  a 
plano-convex  lens,  the  convexity  being  so  great  that  rays  of  light 
passing  through  it  converge  with  a  great  degree  of  obliquity,  and 
are  brought  to  a  focus  at  a  short  distance  above  the  flat  surface  of 
the  lens,  in  the  centre  of  which  is  placed  a  small  circular  piece  of 
black  paper  in  order  to  prevent  the  passage  of  any  direct  rays  of 
light.  The  lens  is  fixed  in  a  brass  tube  made  to  slide  up  and  down,  so , 
that  it  may  be  adjusted  at  the  proper  distance  below  the  object  Tht  i 
spot-gtass  may  be  purchased  of  the  instrument  makers  for  about  7J.  (»d. 
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SS.  The  ParaiNiUe    R«fleeMr  of  Mr.  Wenham,   Mr.   Shadbolt's 
annular  condenser,  and  the  paraboiU  iUuminator  of  Messrs.  Smith  and 
Beck  are  beautiful  instruments  for  effecting  the  same  pur]>05e  in  a 
more  efficient  manner,  pi.  XII,  fig.  55.     Another  excellent  plan  has 
lately  been  devised  by  Mr.  Wenliam,  the  simplicity  of  which  recom- 
mends it  strongly  to   our   attention.      A   small  triangular  prism  is 
placed  beneath  the  object,  so  that  one  of  its  plane  surfaces  is  in 
contact  with  the  under  surface  of  the  slide  carrying  the  object.     The 
I  light  is  refracted  so   highly  that  none  passes  directly  through  the 
\  object,  but,  being  thrown  at  the  proper  angle  upon  the  under  surface 
I  of  the  thin  glass  which  covers  it,  is  entirely  reflected  from  thence 
kopon  the  object  itself,  which  is  thus  highly  illuminated. 


OJ  examining  the  Intertia!  Sirueture  ef  Objects  by  Transmittal  Light. 

S4.  Tranamtttcd  LlKh^ — In  discussing  the  mode  of  illuminating 
|^j(^  by  transmitted  light,  I  must  briefly  draw  attention  to  two 
;  beautiful  instruments  for  condensing  the  light  upon  the 
The  microscope  in  pi.  X,  fig,  42,  is  arranged  in  the  ordi- 
T  position  for  examining  transparent  objects.  The  light  may 
I  be  received  uj^on  the  plane  or  concave  minor,  according  as  a 
F  moderate  or  brilliant  light  is  required  ;  but,  as  a  general  rule,  the 
intensity  of  light  should  not  be  greater  than  necessary  to  make  out 
distinctly  the  structure  of  the  object,  Direct  sunlight  is  not  to  be 
employed,  and  a  very  strong  light  of  any  kind  is  hurtful  to  the  eyes. 
The  best  light  during  the  day  is  to  be  obtained  from  a  white  cloud 
upon  which  the  sun  is  shining. 

Sft.  nonachramatlc  Illumlnatloii.'^Professor  Amici  seems  to  have 
been  the  first  to  have  tried  experiments  with  monochromatic  light  in 
the  examination  of  objects  in  the  microscope.  He  employed  the 
rays  of  the  solar  spectrum,  but  I  am  not  aware  that  any  great  advan- 
tages have  been  obtained  or  new  facts  discovered  by  this  process. 
Yet  it  seems  probable,  now  that  we  are  enabled  to  examine  objects  so 
much  more  minutely  than  heretofore,  that  something  may  be  gained 
by  enquiries  in  this  direction.  Any  ray  irom  an  ordinary  prism  may 
be  caused  to  pass  through  the  object  or  condensed  upon  it  with  the 
aid  of  the  condenser.  Count  Castracane  has  since  used  mono- 
chromatic light  for  microscopical  observation  and  for  taking  micro- 
scopical photographs  (Microscopical  Journal,  October,  1865,  p.  250), 
and  a  similar  plan  has  also  been  used  in  America  by  Mr.  L.  W.  Ruther- 
furd  for  the  same  purpose.  Count  Castracane  used  one  of  Dubosq's 
Heliostats,  a  rather  expensive  instrument,  by  which  the  whole  field 
could  be  illuminated  by  any  single  ray  desired,  and  by  the  move- 
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jfient  of  the  prism,  effected  by  clockwork  ;  this  ray  was  prevented 
from  passing  out  of  the  field. 

SA.  Tkc  DlapbrMcm  has  been  already  described  in  $  14.  The 
definition  of  the  structure  of  a  transparent  object  is  often  found  to 
be  very  much  clearer  when  only  the  more  direct  and  central  rays  of 
light  from  the  concave  mirror  are  allowed  to  pass  through  it.  An 
excellent  contrivance  for  altering  the  size  of  the  aperture  in  the 
diaphragm  has  been  recently  devised  by  Mr.  Collins,  fig,  59,  pL  XIII, 
See  also  5  39. 

Bf.  Acferamatic  coDdeaMr. — The  illumination  of  some  objects 
examined  with  high  powers  is  much  improved  by  causing  the  light  to 
pass  through  an  achromatic  condenser  which  may  consist  of  an  ordi- 
nary achromatic  objective  of  half  or  a  quarter  of  an  inch  focus, 
arranged  in  a  sliding  tube  immediately  beneath  the  stage.  One  of 
these  instruments  can  be  fitted  to  tlie  student's  microscope. 
Mr.  Quekett  has  adapted  a  simple  lever  handle  by  means  of 
which  the  right  focus  is  readily  obtained,  pi.  XII,  fig.  54.  The 
instrument  is  not  an  expensive  one,  if  it  be  made  of  a  French  com- 
bination. I  have  often  obtained  very  good  illumination  suitable 
for  the  examination  of  most  tissues  without  using  an  achromatic 
condenser.  In  working  with  high  powers,  however,  it  is  absolutely 
necessary. 

A  Kelner's  eyepiece,  as  already  stated,  makes  a  most  valuable 
achromatic  condenser,  and  has  been  of  the  most  material  assistance  to 
me  in  many  of  my  recent  investigations.  The  observer  will  find  that 
by  stopping  off  the  greater  part  of  the  light  passing  through  the  con- 
denser by  placing  over  the  upper  lens  a  thin  plate  with  a  very 
small  central  hole,  great  advantage  results  in  working  with  high 
powers.  The  hole  may  be  made  in  a  flat  piece  of  thin  brass,  which 
is  kept  in  its  place  by  a  very  slight  rim  projecting  about  the  twentieth 
of  an  inch  or  less  above  the  top  of  the  condenser.  In  this  way 
apertures  of  different  sizes  may  be  tried  without  trouble.  My  friend 
Mr.  B.  Wills  Richardson  uses  stops  over  the  condenser,  in  which  slits 
and  holes  are  made  of  peculiar  shape,  and  varying  much  in  position, 
some  allowing  only  a  very  small  pencil  of  light  to  pass  at  the  side. 
Microscopical  Journal,  January,  1866,  p.  10, 

SR.  euictt-a  condriMcr. — Mr,  Gillett  has  adapted  a  diaphragm 
plate  and  stops  to  the  achromatic  condenser,  and  there  is  a  beautiful 
instrument  of  this  kind  made  by  Mr.  Ross.  Messrs.  Powell  and 
Lealanii  have,  however,  impioved  upon  it,  and  brought  out  a  mudi 
smaller  and  more  compact  condenser,  which  is  attached  to  their 
microscope,  fhe  Rev.  J.  B.  Reade,  to  whom  we  are  indebted  for 
many  improvements  in  this  direction,  has  contrived  a  valuable  hemi 
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,  spherical  condenser  for  examining  objects  marked  with  very  fine 
lines  by  oblique  light  Trans.  Mic.  Soc.  r85i,  p.  59.  The  same 
observer  has  recently  modified  his  instrument  by  the  addition  of 
another  lens,  by  which  arrangement  he  is  able  to  obtain  a  ray  of 
Jight  of  greater  obliquity  than  is  possible  by  ordinary  methods  of 
roceeding.  Micr.  Journal,  January,  1867,  p.  3. 
SB.  Mew  Webster  condenser.^Lately  a  form  of  achromatic  con- 
denser, which  passes  by  the  name  of  '  Webster's,'  like  the  eye-piece 
Used  for  a  condenser,  lets  a  flood  of  light  upon  the  object,  has  been 
much  improved  by  Mr.  Highley,  Mr.  Collins,  and  other  makers. 
Mr.  Collins'  ingenious  arrangement  for  altering  the  size  of  the  aper- 
ture of  the  diaphragm,  instead  of  using  the  plate  with  holes  in  it, 
will  be  understood  by  reference  to  fig.  59,  pi.  XIII.     It  seems  to  me 

fbkely  that  this  will  supersede  other  plans  entirely.  This  condenser 
k  well  adapted  for  working  with  the  binocular.  Mr.  Collins  is 
endeavouring  to  increase  the  angular  aperture  by  the  addition  of  a 
third  lens,  and  render  it  really  achromatic  like  Kelner's  eye-piece 
above  referred  to. 

Although  it  seemed  to  me  desirable  to  refer  to  the  above  different 

methods  of  modifying  the  illumination  of  objects,  it  must   not  be 

supposed  that  the  delicate  instruments  which  have  been  described 

arc  essential  for  beginners  or  for  ordinary  observation.     The  student 

r  may  even  pursue  some  branches  of  original   investigation  in  which 

high  powers  are  not  required,  without  employing  one  of  them.     In 

enquiries,  however,  great  advantage  has  resulted  from  the  use 

e  of  these  instruments,  and  no  one  would  attempt  to  undertake 

Jcertain  researches,  as  for  instance,  upon  the  nature  of  markings  on 

iatoms  or  other  delicate  structures,  without  making  himself  familiar 

^vith  the  different   effects    resulting   from  their  use,  and  he  would 

probably  soon  find,  that  by  modifying  the  plan  which  gave  the  most 

tvourable  results  still  belter  definition  was  to  be  obtained,  or  new 

l&cts  were  to  be  demonstrated, 

.nation  or  Objcctiu — It  is  instructive  for  the  observer 
l.to  subject  specimens  as  for  e.xample,  granules  of  fine  sand  or  pow- 
r  dered  gypsum,  potato  starch,  or  atrowroot,  to  examination  in  four 
different  ways,  i.  The  surface  of  the  object  may  be  examined  by 
r^eeted  Itghl  brought  to  a  focus  upon  it  by  tneans  of  a  bull's-eye  con- 
denser. 3.  The  light  may  be  reflected  upon  it  from  a  LUberkuhn. 
3.  The  light  may  be  transmitted  through  the  object  after  it  has  been 
reflected  from  the  surface  of  the  mirror.     And,  4.  The  object  may  be 

I  laced  under  the  influence  of  polarised  light,  with  and  without  a 
denite  plate. 
The  conclusion  arrived  at  with  reference  to  the  nature  of  the 
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Structure  after  haviDg  been  submitted  to  these  four  modes  of  examin 
lion,  should  be  contrasted  with  the  idea  which  would  have  been 
rormed  of  it  if  an  observation  had  been  made  by  one  mode  of  illu- 
mination only.  But  before  this  can  be  practically  carried  out,  it  is 
necessary  to  describe  how  objects  ajc  to  be  examined  in  variow 
media.    The  student  must  therefore  refer  to  5|  136  to  143.  m 

OF   DRAWING  AND     ENGRAVING   OBJECTS. 

41.  or  Diwwinr  oitlcciA. — It  may  be  truly  said  that  no  real 
advance  in  our  knowledge  of  the  minute  structure  of  animal  or 
vegetable  tissues,  can  be  communicated  to  others,  unless  accurate 
drawings  are  made,  for  it  is  almost  hopeless  for  an  observer  to  attempt 
to  describe  what  he  sees  in  words,  and  such  descriptions,  however 
careful  they  may  be,  scarcely  admit  of  comparison  with  those  of 
other  persons.  On  the  other  hand,  a  truthful  drawing  of  what  a  man 
has  seen  recently,  may  be  compared  with  draivings  which  may  be 
made  a  hundred  years  hence,  and  although  the  means  of  obser- 
vation will  be  far  more  perfect  than  they  are  at  present,  such 
comparisons  may  be  useful  in  many  ways,  and  especially  in 
preventing  errotieous  conclusions.  By  description  alone  ingenious 
persons  who  take  the  pains  may  so  express  themselves  as  to  render 
it  very  doubtful  what  their  opinion  really  is,  but  if  they  can  only  be 
persuaded  to  make  a  drawing,  there  can  be  no  doubt  concerning 
the  exact  nature  of  their  view.  1  think  that  an  honest  enquirer 
cannot  be  of  greater  use  in  his  time  than  by  making  good  drawings 
of  what  he  has  seen,  and  we  may  feel  sure  that  those  who  follow  us 
will  respect  our  drawings,  if  hones;  copies  of  nature,  although  very 
little  of  what  is  now  written  will  be  read  some  years  hence,  when  the 
whole  aspect  of  our  department  of  science  shall  be  changed. 

In  delineating  an  object  magnified  by  the  microscope  it  is 
important  to  copy  it  correctly,  both  as  regards  the  relative  position  of 
the  several  parts  to  one  another,  and  also  with  respect  to  size. 
To  copy  the  size  exactly  will  be  found  extremely  difficult  by  the  eye 
alone,  but  there  are  several  ways  of  proceeding  by  which  accuracy 
may  be  ensured.  Some  of  these  I  shall  now  briefly  describe.  The 
simplest  method  is  to  place  the  paper  upon  the  same  level  as  the 
stage  upon  which  the  object  is  situated.  If  we  now  look  steadily  at 
the  object  with  one  eye,  while  the  other  is  employed  to  govern  the 
movements  of  the  pencil,  the  object  appearing  to  be  thrown  as  it 
were,  upon  the  paper,  its  outline  may  be  very  readily  traced.  By  a 
little  practice  the  relative  size  of  objects  may  be  insured 
manner,  but  it  is  troublesome  and  difficult  to  keep  the  image  of 
object  perfectly  stilL 
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4S.  CwHtim  LndAk— The  camera  lucida  has  been  applied  to  lake 

microscopicdl  drawings,  and  has  been  found  to  succeed  admirably. 
The  object  appears  to  be  thrown  down  upon  the  paper,  and  with  a 
little  practice  the  observer  may  trace  the  lines  with  great  accuracy. 
If  there  should  be  any  blueness  round  the  edge  of  the  field,  the  dis- 
tance between  the  prism  and  the  eye-glass  should  be  increased. 

«s.  steal  Disk— If  a  little  steel  disk  be  placed  at  an  angle  of 
45  degs,  with  the  eye-gtass,  it  will  receive  the  magnified  image  of  the 
object  and  reflect  it  upwards  upon  the  retina  of  the  observer.  The 
disk  being  smaller  than  the  aperture  of  the  pupil,  the  pencil  can  al 
the  same  time  be  seen  very  well  as  it  traces  the  image  apparently 
thrown  down  upon  the  paper  beneath.  The  steel  disk  is  represented 
in  pi.  XIII,  fig.  61. 

44.  N«utr«l  Tint  Olu«  KenecMr. — The  simplest  and  cheapest 
reflector  for  microscopical  drawing,  consists  of  a  small  piece  of  plate- 
glass  slightly  coloured,  but  not  so  dark  as  to  prevent  an  object  being 
seen  through  it  perfectly.  This  is  also  arranged  at  an  angle  of  45 
degs.  with  the  eye-glass  ;  by  it  the  draughtsman  can  very  easily  fol- 
low the  outlines  with  his  pencil  upon  the  paper.  This  instrument  is 
represented  in  pi.  XIII,  fig.  60. 

In  order  to  use  these  instruments,  the  microscope  is  arranged 
horizontally,  and  the  paper  placed  on  the  table,  as  shown  in  pi,  XII, 

4B.  AmwBins  Li^t. — It  is  important,  however,  in  using  these 
Instruments,  to  arrange  the  light  carefully.  The  image  should  not  be 
illuminated  too  intensely,  and  the  paper  upon  which  the  drawing  is 
made  should  not  be  too  much  in  the  shade,  or  the  point  of  the  pencil 
will  not  be  seen  distinctly.  Experiment  can  alone  decide  the  relative 
intensity  of  the  light  upon  the  object  and  upon  the  paper,  but  with  a 
little  practice  the  proper  amount  of  illumination  will  be  discovered. 
The  object  appears  to  be  thrown  upon  the  paper,  and  its  outline 
is  very  readily  traced.  If  it  is  to  be  drawn  smaller,  it  is  only  neces- 
sary to  place  the  paper  upon  a  stand  closer  to  the  reflector.  If,  on 
the  other  hand,  a  large  diagram  is  required,  the  distance  must  be 
increased.  By  placing  the  diagram  paper  upon  the  floor,  the  object 
can  be  readily  traced  with  a  long  pencil.  In  this  manner  many  of 
my  diagrams  have  been  made.  They  must  of  course  be  accurate 
copies  of  the  objects  themselves,  and  are  therefore  far  more  truth- 
ful than  diagrams  copied  from  drawings  representing  microscopical 
structure,  can  be.  In  making  microscopical  drawings  it  is  usual  to 
fix  the  paper  from  the  centre  of  the  eye-lens  at  some  arbitrary 
distance,  as  10  inches.  If  the  distance  be  always  the  same,  the 
drawings  so  obtained  may  be  compared  with  each  other,  and  scales 
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,  may  be  appended  to  them  by  proceeding  in  the 
T  described  in  fig.  63, 
Mr.  Conrad  W.  Cooke,  in  1865,  designed  a  new  instnitnent  for 
drawing  which  he  terms  a  "  micrographic  camera."  By  this  insCnimeDt 
an  image  can  be  thrown  on  a  sheet  of  paper  placed  in  a  horizontal 
or  slanting  position,  so  thai  anyone  may  trace  on  the  paper  the  out- 
lines and  detail  wnth  a  fair  amount  of  accuracy.  It  is  useful  also  for 
purposes  of  demonstration,  for  two  or  more  |»ersons  may  at  the 
same  time  conveniently  examine  the  image  formed  on  (he  paper. 
'ITie  head  of  the  observer  is  isolated  from  external  light  by  means 
of  a  curtain  which  falls  over  the  back  of  his  chair.  Measurement 
of  the  objects  shown  in  this  camera  may  very  easily  be  made,  and 
boxwood  scales  corresponding  to  the  magnifying  powers  of  the 
different  objectives  are  furnished.  All  the  necessary  adjustments 
can  be  effected  from  the  inside,  in  order  to  avoid  the  inconvenience 
to  Ihe  observer  of  continually  altering  his  position.  The  use  of 
the  microscope  is  not  entirely  confined  to  the  examination  of 
transparent  objects,  for  an  image  of  many  of  the  opaque  prepara- 
tions may  be  shown  with  it  on  the  |>aper.  'I'he  effects  of  darfc 
ground  illumination  (with  the  paraboloid  and  other  instruments) 
and  those  of  the  polariscope  may  be  shown  on  the  paper  without 
loss  of  definition ;  and  all  these  accessories,  as  well  as  the  objectives 
used,  are  the  same  as  those  of  a  microscope  of  the  ordinary  con- 
struction. I'he  whole  apparatus  is  made  to  fold  up  so  as  to 
occupy  as  little  space  as  possible,  for  ihe  sake  of  portability.  I 
believe  the  arrangement,  which,  however,  is  not  adapted  for  high 
magnifying  powers,  can  be  furnished  by  Mr.  Ross. 

40.   or  nwklDK  Urawlov*  which  ft  Is  Intended  should  be  EnsraTc*. 
— With   a    little    practice,  the    observer  may  acquire  the  power  of 
drawing  on  wood,  and  the  engraver  will  often  be  able  to  produce 
a  more    (aithful    representation    of   the    object   than    he  could    by 
^^^  copying  the  drawings  of  the  microscopical  observer.     The  drawing 

^^L  should   first  be   made   roughly  on    paper,  in   order  to  obuin  the 

^^H  size    and  general    characters  of  the  object     A  piece  of  retransfer 

^^1  paper  is  then  placed  upon  the  prepared  block,  and  the  prominent 

^^1  lines  of  the  drawing  traced  with  some  blunt-pointed  instrument  (i 

^^1  needle,  the  point  of  which  has  been  made  slightly  blunt  by  hhng  it, 

^^1  answers  very  well).     By  using  a  slight  pressure,  the  colour  of  the  re- 

^^M  transfer  paper  is  transferred  to  the  wood  block  in  the  lines  corre*- 

^H  jKinding   to   those   of  the   drawing.     These    lines    are  afterwards 

^H  reproduced  by  lead  pencil,  corrected,  if  necessary,  and  the  dehcate 

^^M  parts   of  the   drawing  filled    in   by   carefully   copying    from 

^H  object. 
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If  ihe  engraving  is  to  be  a  fac-simile  of  the  drawing  with  the 
ifferent  parts  on  corresponding  sides,  it  is  necessary,  in  the  first 
copy  the  picture  with  ordinary  tracing  paper,  and  itniert 
le  tracing  upon  the  retransfer  paper  on  the  wood  hloct,  as  the 
impressions  are  of  course  always  reversed  ;  or  a  reverse  may  be 
obtained  by  copying  the  image  of  the  drawing  reflected  from  a  look- 
ing-glass. Specimens  of  wood  engraving  are  seen  in  many  of  tlie 
this  volume. 

•encUs.— Many  excellent  lead  pencils  are  now  made.  Those 
IS  Faber's,  i.r.  tjd.  a-dozen,  are  among  the  best  and 
cheapest  HH's  or  HHH's  are  sufficiently  hard  for  ordinary  drawing 
on  paper,  but  for  drawing  on  wood  a  four  or  five  H  is  to  be 
preferred.  Drawings  of  microscopic  objects  may  also  be  made 
with  India  ink  or  sepia,  a  fine  brush  or  pen  being  used.  If  the 
observer  draws  on  wood,  he  will  save  time  by  representing  the 
shading  as  a  tint,  and  different  kinds  of  shading  may  be  indicated 
\fj  different  colours  applied  with  a  camel's  hair  brush  in  the  usual 
way. 

48.  Tradns  F«per  is  a  very  transparent  paper,  obtained  by  soak- 
ing tissue  paper  in  some  oily  material,  and  allowing  it  to  dry.  Re- 
tracing paper  consists  of  tracing  paper,  upon  one  side  of  which  a  fine 
red,  blue,  or  black  powder  has  been  nibbed,  which  adheres  to  the 
paper  pretty  firmly,  but  which,  at  the  same  time,  will  readily  adhere 
to  another  surface  if  firm  pressure  be  applied. 

4«.  WD«»d  Block!  are  prepared  by  mbbing  a  little  dry  carbonate 
of  lead  and  brick  dust  moistened  with  water  upon  the  surface,  and 
allowing  a  very  little  to  dry  on.  In  this  way  a  smooth  while  surface 
is  obtained,  admirably  adapted  for  receiving  the  most  delicate  draw- 
well  lo  moisten  the  white  lead  with  a  hltle  very  weak  gum 
water,  which  makes  it  adhere  firmly  lo  the  surface  and  gives  a 
smooth  face.  If  the  face  of  the  block  is  not  smooth,  it  may  be 
rubbed  with  the  hand  or  a  piece  of  hard  paper  or  wash  leather.  Every 
observer  should  learn  to  draw  on  the  wood  block  himself.  There 
is  no  great  difficulty,  and  a  little  practice  will  enable  him  to  draw  as 
well  on  wood  as  on  cardboard. 

&•.  of  obtaining'  Iilthogrmplis  of  MIcraBoaplcal  DrawlnEs. — I 
tiiink  it  desirable  to  give  a  few  directions  for  drawing  on  stone,  as  I 
tctieve  there  are  many  observers  who  would  willingly  give  up  the 
necessary  time  required  lo  place  their  work  on  the  stone,  who  could 
not  afl'ord  to  employ  a  lithographic  artist  1  made  many  drawings  in 
this  manner  some  years  ago  (set  the  earlier  numbers  of  my  '  Archives') 
and  with  the  help  of  a  boy,  who  could  at  first  draw  but  little,  have 
been   able   to   publish   numerous   drawings,    which  are   very   accu- 
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tale  copies  of  ihc  ol>jects,  although    in  execution  they  will  not  bear  J 
comparison  with  artists'  work. 

U.  DrairiDB  «n  TnwKfer  Fk^r. — If  the  drawing  does  not  coiV', 
tain  much  very  minute  work,  it  may  be  drawn  on  properly /^^j 
/rflw^/ff/Vr  with  lead  pencil,  direct  from  the  microscope.  After- 
wards, the  lines  are  to  be  traced  with  a  pen  with  lithographic  ink ; 
the  shading  m.iy  be  effected  by  delicate  lines  made  with  the  pen,  Of 
with  lithographic  chalk.  The  latter  plan,  however,  is  not  well 
adapted  for  making  transfer  drawings,  The  drawing  Is  then  to  be 
sent  to  the  lithographic  printers,  where  it  is  damped,  placed  downw.uds 
on  a  dry  stone,  and  after  being  subjected  to  firm  pressure,  the  paper 
is  peeled  off,  and  the  preparation,  with  the  drawing,  left  on  the  stone. 
The  latter  is  removed  with  water,  the  drawing  properly  set,  and  the 
printing  ink  applied  with  the  roller. 

SI.  Trwufrr  Pftpcr  is  prepared  for  the  purpose.  Some  which 
was  made  of  India  paper,  supplied  to  me  by  Messrs.  Harrison  and 
Sons.  St.  Martin's  Lane,  I  found  answered  exceeding  well. 

SS.  Drawlns  on  the  SMne. — There  are  two  plans  for  drawing  on 
the  stone  itself,  which  produce  better  results  than  the  preceding 
method,  but  they  require  more  practice  for  their  satisfactory  enecu- 
lion.  When  much  shading  is  required,  and  extreme  delicacy  of 
outline  is  unnecessary,  the  outline  is  first  made  on  paper,  and  the 
drawing  retraced  on  the  stone  in  the  manner  described  in  §  46  ;  the 
outline  may  then  be  traced  with  ink — a  pen,  or  very  fine  sable  hair 
brush,  being  used  for  the  purpose ;  the  shading  is  to  be  given  with 
the  lithographic  chalk.  The  chalk  is  to  be  very  finely  pointed  by 
cutting  downwards,  the  point  being  uppermost  (as  in  pointing  an 
ordinary  chalk  crayon),  and  held  in  a  handle  made  out  of  a  common 
quill.  The  lines  are  to  be  made  very  gently,  repeating  the  strokes 
frequently  with  a  light  hand,  when  depth  of  colour  is  required,  rather 
than  by  leaning  heavily  so  as  to  remove  a  considerable  quantity  of 
chalk  at  once,  and  deposit  it  upon  the  stones.  When  chalk  shading 
is  employed,  a  finely  frrfiwrf  stone  is  required, 

14.  Of  EiiKra*lnv  «■  *Miie. — If  the  work  is  very  delicate,  as  is 
the  case  with  most  subjects  the  microscopical  observer  wishes  to 
obtain  representations  of,  engraving  on  stone  is  to  be  preferred.  The 
process  is  very  simple,  but  if  the  observer  desires  to  obtain  good 
results,  he  must  be  content  to  spend  some  lime  in  practice.  The 
stone  must  be  finely  polished,  and  it  is  well  to  have  it  tinted  with  a 
little  infusion  of  logwood,  or  to  cover  it  with  a  thin  layer  of  lamp 
black,  which  enables  the  draughtsman  to  see  his  strokes  better.  The 
outline  of  the  drawing  is  traced  as  before,  and  then  the  lines  scratched 
upon  the  stone  with  a  very  fine  point    A  needle  point,  previously 
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rdened  by  being  heated  red  hot  and  suddenly  dipped  m  cold  water, 
inserted  into  a  strong  handle,  may  be  used.  I  generally  use  an 
etching  needle  ;  the  point  requires  lo  be  sharpened  from  time  to  time 
upon  a  hone.  But  a  properly  pointed  diamond  is  far  better.  The  dark 
parts  are  shaded  by  lines  placed  very  dose  together,  or  cross  shading 
may  be  adopted,  or  the  lint  may  be  given  by  dots,  as  in  copper-plate 
engra\-ings.  Generally  it  is  better  to  try  to  obtain  the  appearance  of 
texture  by  copying,  as  nearly  as  possible,  the  character  of  the  tints  of 
tiie  object  itself.  The  thickness  of  the  line  in  the  impression  will 
depend  upon  the  width  of  the  line  on  tiie  stone,  without  any  reference 
to  the  depth  to  which  it  extends  into  it.  It  is  desirable  to  make  two 
or  three  narrow  lines  near  to  each  other,  instead  of  one  wide  one, 
when  a  thick  line  is  required.  After  all  the  lines  have  been  scratched 
the  stone  is  sent  to  the  lithographic  printer,  who  will  obtain  impres- 
sions from  it.  The  oily  material  which  is  applied  adheres  lo  the 
rough  scratches  only,  and  subsequently  when  the  stone  is  wetted,  the 
ink  only  attaches  itself  to  the  oily  parts. 

KK.  utbovrNphic  Ink,  LttboKTaiiiiie  itonei. — The  ink  may  be 
obtained  in  the  fluid  state,  but  it  is  better  to  use  the  solid  ink,  a  little 
of  which  is  rubbed  up  with  water  when  required.  Lithographic 
chalk  may  be  obtained  of  different  degrees  of  hardness, — it  can 
always  be  made  much  harder  by  melting  it  and  rolling  it  into  sticks.* 
The  stones  are  sold  by  the  pound.  It  is  desirable  lo  obtain 
stones  large  enough  to  hold  four  octavo  pages  of  drawings,  as  the 
expense  of  working  a  stone  of  this  size  is  a  but  little  more  than  one 
large  enough  lo  contain  only  a  single  plate. 

16.  or  rcpreaentlns  p«eidimrltlM  of  Texture, — -Success  in  draw- 
ing microscopical  specimens,  depends  mainly  upon  a  careful  study 
of  the  different  methods  of  shading,  by  which  the  Idea  of  texture  may 
be  given,  as  well  as  mere  light  and  shade.  It  is  most  difficuh  lo  give 
general  directions  on  this  matter,  and  much  depends  upon  ihe  method 
of  illustration  determined  upon.  Various  tints  and  textures  would  be 
produced  in  a  different  manner  according  as  the  drawings  are  engraved 
on  copper,  stone,  or  wood.  I  have  no  doubt  that  the  most  perfect 
results  can  be  obtained  on  steel,  copper,  or  stone,  but  the  expense  of 
these  methods  is  a  serious  objection,  and  for  some  years  past  I  have 
abandoned  them  in  favour  of  wood  engra\'ing  which  has  many  advan- 


s  and  Kimber,  Red  Lion  Court,  Fltel  Slreel,  and  most 
lithwranhers.  It  U  only  due  to  Mes^irs.  Harrison,  of  St  Martin's  Lane,  that  1 
thouUl  liianic  Ihem  for  the  kindness  they  have  alwayii  displayed  in  assisting  me  in 
catrying  oul  tliis  and  many  other  plans  of  priiducing  drawings.  Without  the 
important  help  Ihey  and  their  workmen  have  afforded  me.  on  all  occasions,  my 
cfTurts  would  probably  bave  failed,  as  I  had  nu  knuuilcilge  of  practical  lithography. 
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tages,  especially  where  a  great  number  of  illustrations  is  require 
It  is  surprising  what  differences  of  texture  may  be  rendered  on 
wood.  The  observer  must  of  course  learn  to  draw  on  the  blotk 
himself,  and  either  copy  the  particular  shading  he  requires  from  other 
engravings,  or  with  the  assistance  of  the  engraver,  must  try  various 
plans  of  his  own.  By  drawing  on  the  wood  himself,  not  only  does  he 
save  one  third  of  the  cost,  but  far  more  faithful  representations  ot 
natural  structures  are  obtained.  In  many  of  the  plates  of  this 
volume  illustrations  of  different  kinds  of  work  will  be  found.  By 
attentive  examination  the  reader  will  see  how  each  different  ap- 
pearance is  produced.  None  of  the  different  kinds  of  shading  re- 
presented are  very  expensive,  and  it  will  be  observed  that  cross 
shading  with  <lark  lines,  which  is  most  expensive  in  wood  engraving, 
has  been  entirely  avoided.  The  wood  engraver  is  obliged,  unless 
expense  is  no  object,  to  shade  as  much  as  possible  with  parallel 
lines,  which  system  entirely  fails  to  produce  the  appearances 
required  by  the  microscopist.  However,  by  simpiy  breaking 
these  lines  at  short  intervals  by  while  lines  and  keeping  them  a 
little  irregular,  a  variety  of  truthful  characters  may  be  produced  and 
at  very  little  cost. 

There  can  be  no  doubt  that  much  more  perfect  results  would  be 
obtained  in  wood  engraving,  if  the  observer  not  only  drew  upon  ihe 
block  but  engraved  the  drawings  himself,  and  I  see  no  reason  why 
many  might  not  do  this.  The  art  of  wood  engraving  may  be  learnt 
in  a  few  months,  and  although  the  process  is  tedious  and  occupies 
some  time,  I  am  sure  that  the  greater  perfection  of  the  results  would 
more  than  compensate.  It  may  be  possible  in  certain  cases  for  some 
members  of  the  family  to  engrave  the  work  under  the  eye  of  the 
observer,  and  in  this  way  the  engravmg  will  be  almost  as  good 
as  if  the  latter  had  performed  the  whole  work.  Wood  engraving  is  a 
delightful  occupation  for  ladies  who  have  the  time  to  devote  to  it 
The  only  instruction  required  may  be  learnt  in  Mr.  Thomas  Gilk's 
little  book  "The  Art  of  Wood  Engraving"  published  for  is.,  by 
Winsor  and  Newton,  38,  Rathbone  Place.  The  apparatus  and  the 
few  tools  required  may  be  obtained  at  many  of  the  tool-makers,  of 
Messrs.  Winsor  and  Newton,   and  other  artists' colourmen.  J 

SI.  On  the  Importance  or  Obaerveni  dellnMitlnK  their  awn  Worl>^| 
— It  will,  I  know,  be  said  that  these  processes,  above  described,  are^ 
of  a  nature  which  any  intelligent  draughtsman   can   perform,  and 
hardly  worth  the  labour  which  a  microscopical  observer,  who  wishes 
to   carry  them   out,  must  be  content  to  bestow.      And   objections 
of  other  kinds  might  be  urged,  but  I  feel  that  if  1  had  been  unable  to  J" 
have  the  lithographs  and  drawings  executed  at  home,  many  of  t] 
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[illustrjlions  in  my  works  could  nol  have  been  published.     Remem- 
bering how  much   I  Deeded  at  one  time  the  little  information  given 
here— I  gladly  communicate  it,  imperfect  as  it  is,  in  case  there  may 
_  be  others  in  the  same  situation  as  I  was. 

The  student  must  not,  however,  suppose  that  the  task  is  an  easy 
is  quite  as  impossible  to  obtain  a  good  representation  of 
my  microscopic  object  without  long  and  careful  study,  as  it  is  to 
Kluce  a  copy  of  any  other  object  in  nature  ;  and  surely  it  is  hard 
e  expect  a  draughtsman,  who  is  engaged  in  copying  various  subjects 
I  spend  hours  in  looking  at  specimens  in  a  microscope,  observing 
^ings  which  he  neither  knows  nor  perhaps  desires  to  know  anything 
louL    Neither  is  it  possible  that  any  one  man  can  make  himself  fully 
Ktconversant  with  all  the  beautiful  minutiae  in  every  branch  of  microscopic 
eniiuiry.     It  is  true  that  Mr.  Tuffen  West,  and  one  or  two  other  gen- 
tlemen, have  taken  up  this  kind  of  drawing  and  engraving,  and  have 
produced  most  beautiful  results.    I  believe  Mr.  West's  success  as   an 
Ksngraver  of  microscopic  objects  to  be  due  to  the  interest  he  takes 
1  the  subject,  and  to  his  being  himself  a  practical  microscopical 
jfaserver.     There  are  many  drawings  of  microscopic  objects  which 
ight  to  be  published,  and  although  tliese  may  be  of  little  interest  to 
Tsons  generally,  are  absolutely  required  by  those  who  are  working 
It  special  subjects.     However  rich  a  man  may  be,  it  is  doubtful  if  a 
n  of  money  should  be  spent  in  employing  artists  to  do  work 
fhich,  however  well  skilled  they  may  be,  they  cannot  do  so  truthftilly 
B  the  observer  himself,  unless  they  have  devoted  the  same  attention 
O  the  subject.     Few  artists  have  time  or  inclination  for  this.     There 
(  not,  however,  the  same  difficulty  as  regards  our  own  time.     That 
hich  is  worth  recording  is  worth  an  expenditure  of  time,   is  worth 
"■doing  well.   Whatever  is  obser\-ed  is  worth  copying,  if  it  has  not  been 
correctly  copied  before. 

Very  much  yet  remains  to  be  done  in  representing  microscopic 
texture  faithfully.  Photography  has  advanced  wonderfully,  and  will 
doubtless,  assist  us  more,  but  there  are  many  structures  the  colour 
of  which  alone  renders  it  quite  impossible  to  obtain  photographs  of 
them,  and  there  must  always  be  many  appearances  which  can  only 
be  rendered  by  accurately  copying  them  by  hand.  I  cannot, 
therefore,  too  strongly  urge  on  all  those  who  wish  to  work  at  the 
niicroGCOpc,  to  practise  drawing  as  much  as  possible ;  and  from  the 
All  advance  in  our  knowledge  of  structure,  as  well  as  of  the 
minute  changes  incessantly  going  on  in  living  organisms,  depends 
■{  think,  in  great  measure,  upon  accurate  copies  of  the  objects 
eing  made,  and  in  this  way  only  is  it  likely  that  the  work  of  the 
[present  generation  will  be  useful  to  that  which  succeeds  it. 


34 


HOW   TO   WORK 


It  is  beyond  the  power  of  langu.ige  lo  describe  the  charactei 
of  many  structures  in  such  a  way  that  their  appearance  could  bCS 
reproduced  in  the  mind  of  another,  and  even  if  this  could  be¥ 
done,  so  wonderfully  delicate  and  minute  are  the  observed  differences 
in  many  cases,  that  any  attempt  to  classify  and  arrange  our  observa- 
tions, without  drawings,  would  be  hopeless,  and  must  become  more 
imjMssible  in  jiroportion  as  observations  multiply  ;  while  the  different 
meaning  which  different  persons  attach  to  die  same  words  and 
phrases,  introduces  another  difficulty  in  our  attempt  to  collate  and 
deduce  inferences  from  the  observations  which  have  been  made. 

Now  surely,  at  this  present  time,  our  knowledge  would  have  beeqj 
much  more  extensive  as  well  as  more  accurate,  if  instead  of  lon( 
descriptions  we  had  been  furnished  with  accurate  drawings 
minute  structure.     It  is  true  that  all  persons  cannot  draw  well,  btitl 
a  very  little  patience  will  enable  any  one  to  copy  a  microscopical '1 
specimen.     An  accurate  copy,  although  it  be  very  roughly  executed, 
has  an  aspect  of  truth  which  is  unmistakeable,  while  a  drawing  which 
is  the  offspring  of  the  imagination  instead  of  a  simple  copy  of 
nature,  bears  the  mark  of  untnidi  in  every  Une,  however  elaborate 
and  unexceptionable  its  execution  may  be.     Errors  of  observation 
are.  I  am  convinced,  much  more  easily  delected  in  a  drawing  than 
in  verbal  description.     A  mistake  or  misinterpretation  expressed  in  a 
drawing  can,  and  at  length  must  be,  corrected  by  subsequent  obser-  i 
vation,  while  ill-observed  or  misinterpreted  facts,  cloaked  in  obscure* 
language,  may  be  propagated  for  years,  and  no  matter  how  false  th^^ 
are,  it  may  be  very  difficult  to  refute  them.     I  would,  llierefore,  ui^ 
upon  every  one  the  importance  of  making  drawings  at  whatever  cost 
of  time  and  labour  ;  it  is  worth  any  sacrifice  to  do  really  good  work, 
and   if  every  observer  could  but  record  a  few  accurate  delineations 
of  structure  during  his  life,  the  result  of  the  united  labour  of  those 
now  working  would  be  very  great, 

I  would  also  strongly  urge  upon  observers  the  importance  of  at 
once  agreeing  upon  some  general  plan  of  delineating  objects,  so  thafc^ 
our  observations  may  be  useful  to  all,  while  the  task  of  those  « 
will  hereafter  have  to  arrange  and  deduce  conclusions  from  our  woik^l 
will  be  much  facilitated.  The  value  of  many  beautiful  drawings  j 
would  be  gready  increased  if  a  scale  of  looths  or  looolhs  of  an  J 
inch  was  appended  to  them,  and  the  magnifying  power  of  the  I 
object-glass  stated.  This  would  not  have  added  five  minutes  to  the  I 
time  required  for  the  task,  while  it  would  have  rendered  the  drawings  I 
comparable  with  others.  In  some,  the  magnifying  power  is  not  evett  j 
mentioned,  and  in  others  diere  is  reason  to  believe  it  has  been'l 
wrongly  computed.     Every  one  who  copies  an  object  should  state  4 
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Bte  magnifying  power  of  the  combination  of  lenses  he  employed,  and 

should  append  a  scale  magnified  by  the  same  combination,    Sa  §  64. 

But  the  reader  must  not  conclude  that  I  am  insensible  to  ray 

own  shortcomings  in  these  and  many  other  matters.     I  am  conscious 

that  every  drawing  I  have  published  might  have  been,  and  ought  10 

have  been— better,     I    can  only  hope  therefore  that  the  desire  for 

^^  seeing  our  work  useful  to  each  other  and  to  our  successors,  as  well  as 

^^^O  ourselves,  will  be  received  as  a  sufficient  apology  for  these  remarks. 

I 


OBJECTS   AND   ASCERTATNINO    THE   MAGNIFYING 
POWER  Of  OBJECT-GLj\SSES. 


Most  of  the  larger  and  complete  microscopes  are  furnished  with 
special  micrometers,  but  the  simple  method  of  measuring  objects, 
presently  to  be  described,  to  a  great  extent  supersedes  more 
exfjensive  arrangements.  U  will  be  well  for  me,  perhaps,  in  the 
first  place,  to  describe  briefly  the   different  forms   of  micrometers 

S8.  Th«  Cobweb  nitnimeter,  originally  applied  to  telescopes  by 
Ramsden,  its  inventor,  can  be  fitted  to  the  upper  part  of  the  body 
of  the  microscope.  A  fixed  cobweb  crosses  the  field  of  view,  and 
parallel  to  this  is  another  cobweb  thread  capable  of  being  brought 
near  to,  or  separated  from  the  first,  by  turning  a  milled  head,  to 
which  is  attached  a  graduated  circle.  The  value  of  each  degree  on 
the  circle  is  ascertained  by  placing  an  object  of  known  dimensions, 
as  the  stage  mUrometer  graduated  to  thousandths,  under  the  object- 
glass,  and  ascertaining  the  number  of  degrees  on  the  screw  which 
corresponds  to  the  i-ioooth  of  an  inch.  From  these  data  a  simple 
table  may  be  constructed,  and  did  diameter  of  any  object  can  be 
readily  ascertained  by  bringing  one  side  of  it  up  to  the  fixed  line, 
and  causing  the  moveable  line  to  touch  the  opposite.  If  we  ascer- 
tain the  value  of  the  degrees  as  marked  upon  the  circle  when  the 
lines  are  sepamied  at  the  proper  distance,  we  may  estimate  directly 
the  diameter  of  the  object.  The  older  observers  used  to  measure 
objects  by  means  of  very  delicate  wires,  sep.^rated  from  each  other 
by  certain  known  distances,  placed  in  the  focus  of  the  eye-piece,  or 
by  employing  points,  one  of  which  could  be  moved  from,  or  towards, 
the  other  by  means  of  a  screw. 

SS.  JKckson's  Ere.plcce  nicronieicr*. — Mr.  Jackson  arranged  a 

micrometer  slide  in  the  eye-piece  so  that  it  could  be  brought  over 

^^^le  magnified  image  of  the  object  by  means  of  a  screw. 

^^^L   a*.  iu«e  Micromctcra. — Within  the  last  few  years,  lines,  scpa- 

^^^Bted  from   each  other  by  certain  known  but  very  minute  internals. 
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have  been  ruled  upon  slips  of  glass  by  means  of  a  diiimond  attached 
to  a  beautiful  instniment,  provided  with  a  most  delicate  arrangement 
for  movnng  It  the  required  distance  from  the  last  line  engraved, 
second  line  is  then  ruled,  then  a  third,  and  so  on.  Excellent  stage 
micrometers  of  this  kind  have  been  ruled  by  the  late  Mr,  Jacki 
They  can  be  obLiined  of  all  the  instrument  makers ;  but  they 
made  by  Messrs.  Powell  and  Lealand. 

«i.  Test  Objects. — To  such  wonderful  perfection  has  this  proci 
been  carried,  that  M.  Nobert  of  Griefswald,  in  Prussia,  has  engravi 
lines  upon  glass  so  close  together  that  more  than  100,000  would 
in  the  space  of  an  English  inch.     Several  bands,  each  containing 
many  lines  equidistant  from  one  another,  were  engraved  upon  one 
slip  of  glass,  but  the  lines  in  each  different  band  were  separated  by 
gradually  diminishing  intervals,  constituting  a  series  which  could  be 
readily  submitted  to  examination  one  after  another.     By  aid  of  these 
the  dtfining  pmeer  of  any  objed-gfass  could  lie  estimated.  As  test  objects, 
they  are  equal  to,  and  even  rival,  many  natural  objects  which  have 
hitherto  been  employed  for  this  purpose.    The  delicate  lines  on  some 
of  the  diatomacese  are  separated  from  each  other  by  the  i-5o,oooth 
of  an  inch,  while  the  finest  lines  engraved  by  M.  Nobert  are  tesa. 
than  the  i-ioo,oooth  of  an  inrh  apart. 

In  order  to  measure  the  diameter  of  an  object  the  glat 
upon  which   the  lines  have  been  engraved  (i-ioooth  or  i-i 
an  inch  apart  according  to  the  magnifying  power)  may  be  placi 
beneath  the  object   upon  the  stage.      This  arrangement,  however,' 
is  only  suitable  for  low  puwers,  since  the  object  and  lines  cannot 
be  in  focus  at  the    same   moment,  and  it  is,  therefore,  impossible 
to  obtain  a  very  correct  measurement 

The  podura  scale  is  a  most  excellent  "  test  object."  According 
to  Prof.  Bailey  of  the  United  States,  Grammatophora  subtilissima 
and  Hyalodiscus  subtilis,  are  the  most  delicate  tests  ("  Smithsonian 
Contributions,"  vols.  11  and  VH  ;  also  a  paper  by  Mr.  Hendryi, 
"Quart.  Joum.  Mic,  Science,"  vol.  I,  p.  179,  1861  ;  one  by  Mes: 
Sullivant  and  Wormley,  "  Silliman's  American  Journal,"  Jan.  i86i). 

For  testing  the  penetrating  power  of  an  object-glass,  very  fii 
nen'e  fibres  lying  on  different  planes,  as,  for  example,  those  distributed! 
to  vessels,  or  very  delicate  fibres  of  striated  muscle,  mounted  in  glyce-! 
rine,  may  be  employed.  It  should  be  borne  in  mind  that  the  object* 
glasses  with  a  very  high  angle,  although  very  valuable  for  researches 
upon  the  diatomaces,  and  other  delicate  objects  of  extreme 
tenuity,  do  not  answer  so  well  for  investigations  upon  the  structure 
of  anima!  and  vegetable  tissues,  as  glasses  of  a  moderate  or  very 
low  angle.     This    question   is   fully  discussed   in    the  remarks  on 
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I  Test  Objects,"  by  Dr.  Carpenter,  "The  Microscope  and  its 
evelations,"  pp.  141.  et  seq. 
61.  Blmptc  Method  of  HeaanriRK  OlUecta.^ — The  most  simple  and 
Hcacious  manner  of  measuring  objects  is  with  the  aid  of  the  camera 
lucida  or  neutral  tint-glass  reflector  referred  to  before,  §  44.  In 
the  field  of  the  microscope  is  placed  an  ordinary  micrometer,  with 
the  lines  separated  by  thousandths  of  an  inch.  Care  being  taken 
the  instrument  is  arranged  at  the  proper  distance  from  the 
r,  the  lines  magnified  by  a  quarter  of  an  inch  object-glass  are 
;ful!y  traced.  The  micrometer  is  removed  and  replaced  by  the 
Jject  whose  diameter  is  to  be  ascertained.  In'  pi.  XIII,  fig-  64, 
micrometer  lines  and  objects  are  shown  magnified  by  the  same 
■r.  The  object  is  traced  over  the  lines,  or  upon  another  piece 
paper,  and  compared  with  the  scale  by  the  aid  of  compasses, 
lines  may  be  engraved  upon  a  slate,  or  ujxm  pieces  of  ivory 
cardboard,  and  their  value  affixed,  so  that  any  object  may  be  at 
;e  measured.  We  require  of  course  a  different  scale  for  each 
;r.  Such  scales  may  be  made  on  pieces  of  gummed  paper, 
one  of  them  may  be  affixed  lo  every  microscopical  drawing. 
63  shows  several  such  scales  magnified  by  different  powers. 
Thus  the  size  of  every  object  delineated  may  be  at  once  ascertained, 
and  the  trouble  of  making  individual  measurements  saved,  while  at 
same  time  the  inconvenience  of  a  long  description  of  the 
lensions  of  various  objects  is  avoided,  than  which  nothing  can 

tedious  or  less  profitable  to  the  reader. 
Id  comparing  the  representation  of  the  same  object  deUneated 
by  different  obser\-ers,  it  will  he  found  that  great  confusion  has  been 
produced  in  consequence  of  the  magnifying  power  of  the  object- 
glass  not  having  been  accurately  ascertained,  and  an  object  said  to 
be  magnified  the  same  number  of  times  by  two  authorities,  is  not 
unfrequently  represented  much  larger  by  one  than  by  the  other,  This 
discrepancy  in  most  cases  arises  from  the  magnifying  power  of  the 
glasses  not  having  been  accurately  ascertained  in  the  first  instance. 
I  cannot,  therefore,  too  strongly  recommend  all  microscopic 
observers  to  ascertain  for  themselves  the  magnifying  power  of  ei^efy 
obJKt-glass  and  to  prepare,  in  the  manner  presenUy  to  be  described, 
a  uale  of  measurement  by  tuhitk  the  dimemions  of  every  object  eon  be 
at  ami  asceriainai.  The  plan  of  appending  to  every  microscopical 
drawing  a  scale  magnified  in  the  same  degree  as  the  object  repre- 
sented, supersedes  the  necessity  of  giving  measurements  in  the  text, 
while  it  is  free  from  any  of  the  objections  above  referred  to. 

•S.  On  AMsertalnlnc  the  M«snlfjrl&B  power  of  UbJecUsUuM*.— >  J 
I  will   now   describe  the    method   of   ascertaining   the  magnifying^ 
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power  of  the  different  lenses.     Although  the  several  objecl-glas 
are  termed  one  inch,  one  quarter  of  an  inch,  one  eighth,  &c.,  the. I 
magnifying  power  of  each  is  not  definite,  and  the  quarters  of  some  1 
makers  magnify  with  the  same  eye-piece  many  times  more  than  those  j 
of  others.     It  is  well,  therefore,  that  every  observer  should  be  abl^ 
to  ascertain  for  himself  the  magnifying  power  of  his  different  g 
Suppose  I  wish  to  know  how  much  a  French  quarter  magnifies.     Thsj 
one-thousandth  of  an  inch  micrometer  is  placed  in  the  field,  and  th$9 
magnified  image  is  thrown  by  means  of  the  neutral  tint-glass  reflected  I 
upon  a  scale,  divided  into  inches  and  tenths  of  inches  placed  tea^ 
inches  below  the  eye-piece.     If  the  magnified  one-thousandih  of  a 
inch  covers  about  two-tenths  of  an  inch,  the  glass  magnifies  jc 
diameters ;  if  it  covered  one  inch,  the  thousandth  of  an  inch  must 
have  been  magnified  i,ooo  times,  but  in  this  case  it  only  corresponds  I 
to   the  one-fifth  of  an  inch,   and  therefore   the   one-thousandth  is^ 
magnified   loo  limes.     For  lower  powers  the  one-hundredth  of  a 
inch  scale  may  be  employed.     TTie  manner  of  ascertaining  the  mag- 
nifying power  is  therefore  exceedingly  simple ;  but  it  is  very  impor- 
tant for  the  observer  to  know  the  magnifying  power  of  every  lens 
with  each  different  eye-piece,  and  he  should  ascertain  this  before 
he   commences   to    make   any   observations.      This  simple  process -I 
will  be  readily   understood   if  fig.    66,    in   pi.    XIII,   be    carefully  ■ 
studied.      To  carry  out  this  plan  it  is  only  necessary  to  be  pro- 
vided with  a  stage  micrometer,  divided  to  looths  and  i,oooths  of  an 
inch,  which  can  be  purchased  for  ^s.  od,,  and  an  inch  scale  divided 
to  tenths. 

64.  T«   AWFcrtaln  tbc   DIuncter  of  ui  Direct.— If  an   object 
substituted  for  the  micrometer,  and  its  outline  carefully  traced  uponA 
pajier.  its  dimensions   may  of  course  be  easily  ascertained  by  com-r 
parison  with  the    micrometer  lines.     The  magnifying  power  used  I 
being  the  same  in  both  cases. 

In   order  lo  apply  this  plan  to  microscopical  drawings  generally, 
the  following  seems  to  be  the  simplest    mode  of  proceeding,  and 
saves  much  trouble.       Scales  are  carefully   drawn  upon    gummed 
paper ;  the  magnifying  power,  and  the  micrometer  employed  being 
written  upon  as  represented  in  pi.  XIII,  fig.  63.     If  a  number  a 
drawn  together,  one  of  the  rows  can  be  cut  off  and  appended  to  the  | 
paper  upon  which  the  drawing,  magnified  in  the  same  degree,  has 
been    made.     The  observer  may  save  himself  the  trouble  of  drawing 
these  on  paper,  by  having  them  engraved  on  wood   or  stone,   and 
several  copies  worked  off      This  is  the  plan    I    have  followed  in 
all  the  drawings  which  illustrate  my  observations,  and    the  scales  ■ 
have  been  copied  in  the  wood-cuts  and  plates. 
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65.  Standards  of  Measarement. — In  this  country  we  usually 
employ  the  English  inch,  but  on  the  continent  the  Paris  line 
=  '0888,  or  about  i-iith  of  an  English  inch,  is  very  generally 
used.  The  sign  '"  is  used  to  signify  "  of  a  line,"  and  has  been 
employed  by  Professor  Kolliker  in  his  works,  while  "  signifies  "of  an 
inch." 

66.  ConYerslon    of    Wrelgn   Standards   of    Measurements. — In 

order  to  compare  the  researches  of  different  authors,  it  is  often 
necessary  to  convert  one  expression  of  measurement  into  another. 
The  accompanying  table  of  Dr.  Robertson's  {"  Edin.  Month.  Jour, 
of  Science,"  Jan.  185  a)  will  be  found  of  great  use  in  making  these 
calculations.     S^  Table  p.  40. 

Deputy  Inspector-General  Lawson  gives  the  following  rules  for 
converting  different  standards  of  measurement  in  a  paper  communi- 
cated to  my  "Archives"  (vol.  II,  page  292).  A  unit  is  required 
that  will  admit  of  microscopic  measurements  being  expressed  in  the 
smallest  number  of  figures,  and  permit  of  foreign  measures  being  easily 
converted  into  English,  and  vic^  versa,  and  the  decimal  notation 
should  be  adopted  to  facilitate  comparison  between  the  measurements. 

Most  microscopic  measurements  are  under  the  hundredth  of  an 
inch,  one  hundred-thousandth  of  an  inch  can  only  be  measured  with^ 
certainty  when  magnified  by  the  j^^th  or  y^th.  S^  part  V.  The 
requirements  of  the  case  therefore  may  be  stated  in  decimals  of  an: 
English  inch  by  -ooioi,  and  if  the  two  ciphers  next  the  decimal 
point  be  struck  out,  and  the  first  number  be  considered  the  unit,  it  may 
be  written  i**oi,  in  which  a  thousandth  of  an  inch  is  the  unit.  This 
method  will  embrace  nearly  every  microscopic  magnitude  in  three 
consecutive  figures. 

The  foreign  measures  are  the  millimetre  and  the  Frctuh  and  Prus- 
sian lines.  The  two  latter  are  so  nearly  equal,  that  the  same  rule 
will  serve  for  the  conversion  of  both.. 

A  millimetre  contains  '03937  English  inch  or  39**37  ;  accord- 
ing to  the  method  proposed,  the  length  to  be  converted  will  seldom 
amount  to  one  fourth  of  this.  To  convert  millimetres  into  thou- 
sandths, shift  the  decimal  point  one  place  to  the  right  and  multiply 
by  4;  if  greater  accuracy  be  required,  subtract  i^  from  the  second 
place  of  decimals  for  each  of  the  nearest  numbers  of  units  of  the 
product  Thus  o"™*25o  becomes  2*50  which  X  4  =  lo^'oo,  from 
which  subtract  **i5  ;  and  9*'35  is  obtained  as  the  value  in  thousandths 
of  an  English  inch,  while  o"*™*25  is  equal  to  9*'84,  which  differs  from 
the  former  by  a  quantity  too  small  to  measure. 

To  convert  thousandths  of  English  inches  into  millimetres,  add' 
I J  in  the  second  place  of  decimals  for  the  nearest  number  of  units 
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in  the  sura,  divide  by  4,  and  shift  the  decimal  point  one  place  to  the 
left,  thus — to  9''84  add  '15  and  the  sum  6999  h-  4  =  2498,  and 
shifting  the  decimal  point  """'3498  which  does  not  differ  sensibly 
from  ""-as,  the  correct  quantity, 

A  French  line  contains  -oSSS  English  inches.  To  convert  lines 
into  thousandths  of  an  inch,  shift  the  decimal  point  one  place  to  the 
right,  and  muhiply  by  9  ;  if  greater  accuracy  be  required,  subtract 
i  from  the  second  place  of  decimals  for  each  of  the  nearest  number 
if  units  in  the  product.  Thus  o"'-i25  becomes  fss  which  x  9  = 
i''a5,  from  which  subtract  ''14,  and  the  value  in  thousandths  is 
found  to  be  ii'io,  which  is  correcL 

junt  thousandths  into  lines  add  ij  in  the  second  place  of 

decimals  for  each  of  the  nearest  number  of  units  in  the  sum,  divide 

by  9,  and  shift  the  decimal  point  one  place  to  the  left,  thus — to 

add  '-14,  the  sum  11-25  divided  by  ij,  and  the  decimal  point 

shifted  one  place  to  the  left  gives  o"''iis  3s  before, 

asl  cases  it   will    be   unnecessaiy  to  apply  the  corrections 

noticed  above,  but  by  remembering  the  short  rules  given,  any  one  on 

reading  a  foreign  work  may  correct  the  measurements  as  he  reads, 

t  them  in  the  margin  without  delay  or  interfering  with  his 

progress. 


Mdhod  of  finding  Hit  same  Spot  in  a  Specinu*!. 

61.  Of  nwrlUnR  the  Posltloa  of  an  Object. — Various  plans  have 
been  proposed  from  time  to  time  for  marking  the  exact  position  of  a 
minute  object  in  a  specimen,  so  that  it  can  be  placed  in  the  field  of 
the  microscope  whenever  required.  A  fine  line  of  varnish  or  Bruns- 
wick black  may  be  drawn  round  it,  or  a  small  and  very  thin  metal 
tube  (about  the  tenth  of  an  inch  in  diameter)  may  be  moistened  with 
the  varnish  and  pressed  upon  the  glass  cover,  so  as  to  encircle  the 
■particular  object  required  with  the  line. 

Mr.  Bridgman,  of  Norwich,  has  designed  an  instrument  for  drawing 
circle  upon  the  thin  glass  with  a  diamond  point  (Microscopical 
Journal,  vol.  Ill,  p.  237),  This  instrument  is  represented  in  pi.  XIII, 
fig.  67.  A  is  a  brass  cap  fitting  upon  the  end  of  the  object-glass, 
which  it  entirely  covers  up  and  protects  from  injury  ;  B,  a  stem 
soldered  to  the  side  of  the  cap  with  the  upper  end  having  two  pro- 
jectile sides  to  steady  the  ends  of  C,  e,  and  /,  which  are  firmly 
secured  to  it ;  C,  an  elastic  arm  of  hammered  brass,  which  carries 
at  its  lower  end  D,  a  lever  of  thin  brass  plate,  having  a  fragment  of 
liamond  inserted  in  its  thinner  end,  and  directly  under  the  centre 
Uie  cap  A;  ^and/are  two  springs,  pressing  upon  the  shorter  end 


Kiamond 
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now   TO   WORK 


of  llic  lever  D,  the  longer  one  /  has  a  hole 
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pass  without  touching  it;  ^,  a  screw  holding  the  two  springs  and  the 
elastic  ami  to  the  ami  of  the  cap;  k,  a  milled  screw  to  adjust  the 
elastic  arm  C,  so  as  to  bring  the  diamond  point  away  from  the  centre, 
according  to  the  size  of  the  ring  required.  \Vhen  the  object  has 
been  found,  the  cap  carrying  the  diamond  is  placed  on  the  object- 
glass  and  carefully  adjusted,  so  that  the  diamond  point  is  brought 
into  contact  with  the  suiface  of  the  glass.  It  is  then  turned  rouni 
and  thus  a  line  is  drawn  round  any  object  which  can  be  readily  foul 
at  any  future  time. 

This  same  end  has  been  gained  in  another  manner.     Graduated 
scales  have  been  affixed  to  the  stage  of  the  microscope, 
measure  the  exact  amount  of  movement  in  the  vertical  and  horizontal 
direction  ;  the  slide  being  placed  in  position  against  a  stop 
side.     The  number  on  the  two  scales  is  noted  when  the  object  il 
seen  in  the  field,  and,  by  placing  the  stage  opposite  the  same  numbers,-,' 
at  any  future  time  the  object  must  appear  in  the  same  positiorii 
Various  ingenious  "  finders  "  have  been  proposed.     A  very  sirapli 
and  efficient  one  is  represented  in  pi.  XIll,  fig.  62,  in  which  thi 
scales  are  ruled  on  jKiper  (Mr.  Wright,  Microscopical  Journal,  vol. 
J).  301,  1853),  which  is  afterwards  fixed  upon  the  stage.     It  is  betti 
lo  have  the  lines  ruled  on  the  brass  itself. 

Bailey's  Universal  Indicator. — Mr.  J.  W.  Bailey,  of  the  United 
States,  has  described  an  instrument  for  registering  the  positions  of 
various  objects  upon  a  slide,  in  vol.  IV  of  the  Quarteriy  Journal  of 
Microscopical  Science.  This  indicator  is  to  be  firmly  fixed  to  the 
stage  of  the  microscope,  care  being  taken  that  the  centre  of  the 
indicator  corresponds  to  the  centre  of  the  object-glass.  The  mode 
of  using  the  indicator  is  obvious. 

All  such  devices  have,  however,  been  superseded  in  cases  where 
the  microscope  is  provided  with  a  travelling  stage,  by  the  two  follow-. 
ing  very  clever  arrangements,  the  first  suggested  by  Mr.  Maltwoodlj 
(Trans.  Microscopical  Society,  vol.  VI,  p.  59,  1858),  the  second  by. 
Mr.  Bridgman,  of  Norwich,  In  order  to  use  Maltwood' 
little  stop  is  placed  upon  one  side  of  the  stage,  in  contact  with  whicb' 
one  end  of  the  finder,  and  afterwards  the  glass  slide  containing  the 
object  can  be  placed.  The  finder  consists  of  a  plate  of  glass,  upon 
which  numbers  are  arranged  in  minute  squares.  These 
directions,  vertically  and  horizontally,  so  that  in  each  square  there 
are  two  different  numbers,  except  in  the  case  of  the  central  square, 
which  of  course  contains  two  25s.  Any  object  having  been  found, 
its  exact  position  may  be  registered  by  removing  the  slide  and  placing 
on  the  stage  the  finder.     The  numbers  seen  in  the  field  are  then.' 
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marked  on  ihe  slide  itself,  and  the  same  spot  can  always  be  found 
by  looking  for  these  numbers  on  the  finder,  moving  the  sWge  till  they 
come  in  the  centre,  and  then  substituting  the  slide  for  the  finder. 
The  numbers  and  lines  are  photographed  on  the  finder  which  is 
made  by  Messrs.  Smith  and  Beck,  and  costs  7^.  dJ.  A  few  of  the 
squares  of  a  Maltwood's  finder  are  represented  in  pi  XIII,  fig.  65. 

68.  Mr.  BrldKiiian'8  Finder  which  is  sold  by  Mr.  Baker,  of  HoI- 
born,  consists  of  a  curved  bar  fixed  to  the  stand  of  the  microscope 
and  capable  of  being  moved  upwards  and  downwards  upon  a  hinge 
joinL  The  bar  terminates  with  a  fine  point,  and  when  pressed  down, 
this  point  comes  upon  a  piece  of  paper  gummed  lo  one  end  of  the 
slide  and  makes  a  slight  prick,  or  it  may  be  tipped  with  ink  if  pre- 
ferred. When  the  observer  sees  an  object  which  he  desires  to  find 
again,  a  mark  is  made  with  the  point.  In  order  to  find  this  same 
spot  at  any  future  time,  it  is  of  course  only  necessary  to  place  the 
slide  in  such  a  position  that  the  original  mark  exactly  corresponds 
with  the  point  of  the  finder,  and  the  part  of  the  specimen  must  then 
be  again  in  the  centre  of  the  field.  Tlie  plan  is  so  simple  and  effica- 
cious, that  it  will,  I  think,  completely  supersede  the  various  finders 
in  use. 


INSTRUMENTS   I 


.-D    APPARATUS    REQUIRED    IN   GENERAL   MICRO- 
SCOPICAL RESEARCH. 


SS.  Spirit  Lamp. — The  spirit  lamp  may  be  made  of  brass,  tin,  or 
glass  fitted  with  a  ground  glass  cap.  It  may  be  fitted  with  a  stand 
for  holding  watch-gl.isses,  pi.  XIV,  fig.  70.  Brass  lamps,  to  which 
a  small  retort-stand  is  fitted,  may  also  be  purchased  of  the  instru- 
inent  makers. 

1«,  Wire  Retort  sianda.— Simple  wire  sLinds,  made  like  retort- 
Stands,  which  are  fixed  to  a  heavy  leaden  foot,  will  be  found  exceed- 
ingly useful  litde  instruments  to  the  microscopical  observer.  The 
rings  can  be  readily  raised  or  lowered  at  pleasure,  and  are  well 
adapted  to  support  light  objects,  such  as  glass  slides  over  a  lamp, 
test-tubes,  flasks,  and  watch-glasses,  pi.  XIV,  fig.  69. 

71.  Trlpodi  are  made  of  thick  iron  wire,  and  are  useful  for  sup- 
'porting  several  pieces  of  apparatus  used  in  microscopical  research, 
pi.  XIV,  figs.  71,  7^. 

H,  Braas  Piute.— The  brass  plate  should  be  about  six  inches  long 
by  two  broad,  and  about  the  thickness  of  thin  millboard.  It  should 
be  supported  on  three  legs,  of  a  convenient  height  for  the  spirit  or 

ler  lamp  to  be  placed  underneath,  or  the  brass  plate  may  be  sup- 
irted  OD  one  of  the  rings  adapted  lo  Mr.  Highley's  lamp.  It  is  used 
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for  heating  glass  slides,  in  order  to  fix  on  the  glass  cells  with  the  aid  1 
ormarine  glue,  for  mounting  objects  in  Canada  balsam,  and  fur  other 
purposes,  where  a  uniform  degree  of  heal  is  required  to  be  applied  to 
glass,  which  is  very  liable  to  crack  if  exposed  suddenly  lo  the  naked 
flame.  These  different  pieces  of  apparatus  have  been  figured  in 
pi.  XIV,  fig.  68, 

la.  The  Water  B«tli  is  of  great  use  for  drying  objects  previous  to 
mounting  them  in  Canada  balsam.     The  object  may  be  placed  in  ilJ 
small  porcelain  basin,  or  large  watch-glass,  or  it  may  be  simply  laid'l 
Upon  a  flat  plate.     The  basin  or  plate  is  then  placed  over  the  vessel  f 
containing  water  to  which  heal  may  be  applied,  fig.  73.     In  order 
thai  vessels  of  different  sizes  may  be  healed  upon  ihe  bath,  it  is  con- 
venient to  have  a  few  pieces  of  thin  copper  plate,  with  holes  of  dif- 
ferent sizes  cut  in  them,  adapted  for  waich-glasses  and  small  vessels, 
fig.  74.     The  advantage  of  drying  by  a  steam  heat  consists  in  there 
being  no  danger  of  destroying  the  texture  of  the  object  by  the  appli- 
cation of  too  high  a  temperature.     A  water-bath  may  be  very  readily  J 
made  by  placing  two  porcelain  basins  one  above  the  other,  water  | 
being  poured  into  the  lower  one.     These  may  be  supported  upon  a 
tripod  or  upon  one  of  the  rings  over  the  spirit  lamp,  fig.  70. 


Jvr  Culiing  thin  Sect'wtu  of  Tissues  and  Dissection. 


—It  will  be  convenient  to  have  three  orfourordi-l 
nary  dissecting  knives  or  scalpels  for  general  use.  One  should  bft.J 
strong  for  the  purpose  of  cutting  hard  substances. 

IS.  Donble-edred  scalpciit. — -For  cutting  thin  sections,  a  knife  of^ 
the  form  of  a  very  narrow  lancet  will  be  found  useful,  and  where  onljr.  I 
sections  of  small  dimensions  are  required,  this  will  answer  all  the  j 
purposes  of  Valentin's  knife.     In  cases,  however,  where  a  section  is  1 
wanted  of  considerable  size,  the  latter  instrument  must  be  used.    The  1 
double-edged  scalpel  should  be  very  thin,  pi.  XIV,  fig.  75.    Beautiful 
scalpels  of  Uiis  form  have  been  made  for  me  by  Messrs.  Weiss,  of  the 
Slrand.     In  making  a  section,  after  culling  a  clean  surface,  the  point 
is  made  to  perforate  the  surface,  and  carried  along  at  a  proper  depth,  .■ 
so  as  to  cut  its  way  out.     The  width  of  the  section  may  then  I 
increased  by  carrying  ihe  knife  from  side  to  side. 

Te.  aeeiloB  HnUc  of  «  Kcw  Farm. — A  new  section  knife  has  I 
been  devised  by  Deputy  Inspector-General  Lawson,  for  cutting  very  I 
thin  sections  of  soft  tissues.  The  general  form  of  ihe  knife  is  reprft-  J 
sented  in  pi.  XIV,  figs.  76  and  77.  It  is  fully  described  in  my  Archives,  ' 
vol  III,  p.  386. 
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17'  Doulilp.liladnl  or  V«lrntlii*H  KttlTr. — lllis  instrument  is  of 
the  greatest  value  in  making  thin  sections  of  soft  tissues,  but  care  is 
required  to  keep  it  in  good  order.  It  is  soon  made  blunt  if  used  for 
cutting  .ibrous  or  cartilaginous  textures.  By  its  aid  very  beautiful 
sections  of  the  kidney,  liver,  and  other  soft  glandular  organs  may  be 
obtained  with  the  greatest  facility.  The  blades  should  always  be 
dipped  in  water  or  glycerine  just  before  use,  for,  if  wet,  the  operation 
of  cutting  is  much  facilitated,  and  the  section  more  easily  removed 
from  between  the  blades.  Immediately  after  use  the  blades  should 
be  washed  in  water,  and  dried  with  a  soft  cloth,  or  piece  of  wash 
leather.  If  a  drop  of  water  gets  into  the  upper  part  of  the  knife 
where  the  blades  meet,  the  screw  must  be  taken  out,  and  each  blade 
cleaned  separately.  With  care  in  cleaning  it,  the  knife  may  be  kept 
in  use  a  long  time. 

There  are  two  forms  of  Valentin's  knife ;  in  one  the  blades  are 
sharp  on  both  edges  and  of  a  lancet-shape,  and  in  the  other,  which  I 
mnch  jirefer,  they  are  shaqj  at  the  point  and  wide  at  the  base,  so  that 
the  cutting  edge  slants  downwardsfromlhepoinl,  and  they  only  cut  on 
one  side,  pt.  XV,  fig.  79.  The  best  form  of  Valentin's  knife  that  I 
have  used  is  that  which  has  lately  been  made  by  Mr.  Matthews,  fig.  78. 
The  blades  of  this  knife  can  be  completely  separated  from  each  other 
and  easily  cleaned.  The  distance  between  the  blades  is  regulated  by 
little  screw,  which  is  a  most  convenient  arrangement.  This  knife 
has  been  further  improved  by  Mr.  Matthews,  by  the  addition  of  two 
screws,  so  that  the  perfect  parallelism  of  the  two  blades  is  ensured. 

— A  strong  knife  made  like  a  razor  is  very  valuable 
for  making  sections  of  many  tissues,  pi.  XV,  fig,  81. 

•J9.  sciHsari  are  useful  instruments  for  cutting  small  thin  sections 
of  different  tissues.  The  most  convenient  form  for  this  purpose  is 
which  the  blades  are  curved  as  in  pi.  XV,  fig.  83.  When  only 
rery  small  portions  of  a  tissue  are  required  for  examination,  they  will 
be  more  readily  removed  with  the  scissars  than  with  any  other  instru- 
ment. Several  pairs  of  scissars  are  required  for  microscopical  pur- 
poses. Besides  the  ordinary  form  used  for  dissection,  a  small  pair. 
with  curved  blades,  a  pair  of  very  delicate  scissars  with  blunt  points, 
fig.  82,  such  as  are  employed  for  the  dissection  of  insects,  will  be 
found  of  use.  Some  time  since,  I  devised  a  new  form  of  spring 
scissars,  somewhat  resembling  the  microtome.  These  are  particularly 
well  adapted  for  dissecting  the  nervous  systems  of  insects,  for  follow- 
ing out  the  delicate  ramifications  of  nerves  and  other  minute  dissec- 
tions, pi.  XV,  fig.  84. 

I  of  various  siies  are  very  useful  instruments  to  the 
licToscopist.  They  are  employed  for  making  minute  dissections;  for 
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tearing    or   unravelling  various    tissues,    in  orJer  to  display   thi 
elementary  structure,  and  for   separating  any  minute   object   froi 
refuse  or  extraneous  matter,  pre\ious  to  its  being  mounted, 
thin  neetlles  are  useful  for  separating  substances  under  the  field  of 
microscope.     Needles  which  have  been  flattened  at  the  points, 
subsequently  hardened,  tempered,  and  sharpened  on  the  two  edge%, 
make  capita!  knives  for  very  delicate  work,  or  the  pins  used  by  the 
surgeons  and  termed  harelip  pins  maybe  used  with  advantage.    They 
may  be  inserted  in  a  small  wooden  stick,  fig.  80,  or  held  in  the  handle 
of  a  crotchet  needle.     Mr.  Matthews  has  lately  made  some  needles 
with    cutting    edges,  which   are   very   useful    for    making    minute 
dissections. 

81.  PorccRB. — A  pair  of  thin  brass  forceps  will  be  found  con- 
venient for  applying  the  thin  glass  cover  after  the  preparation  has 
been  placed  upon  a  slide  or  in  a  eel!.     A  pair  of  dissecting  forcepS] 
are  also  required  by  the  microscopist     One  pair  should  be  strong. 
with  straight  limbs,  the  other  pair  should  be  small,  with  thin  cun 
blades,  terminated  with  somewhat  rounded  points,  having  very 
but   slightly  roughened    surfaces    of    the    pattern    represented 
pi.  XV,  fig.  85. 

Forceps  for  holding  minute  objects  under  the  microscope 
made  to  fix  upon  the  stage,  fig.  86. 

Leaves  and  feathers  atid  other  flat  objects  can  be  examined  by! 
being  placed  flat  on  a  glass  slide  or  in  the  stage  forceps.     Mr.  Jaraes-- 
Smith  has  invented  a  leaf-holder,  which  may  be  useful  to  those  desii-- 
ing   to  prosecute  particular   researches    in   this  direction  with  U 
powers.     This  instrument  is  described  in  the    Microscopical  Joi 
nal  for  July,  18S6,  p.  100. 

81.  Wooden  Forceps  made  of  box-wood,  with  broad  ends,  are 
convenient  for  holding  the  glass  slides  when  hot,  for  if  held  with  cold 
metal  forcejis,  they  often  crack.  The  same  object  may  be  gained 
more  simply  by  fastening  to  the  limbs  of  an  ordinary  pair  of  forceps, 
fiat  pieces  of  cork.  Modifications  of  the  simple  spring  clips  described 
in  p.  5a  may  be  used  for  the  same  purpose. 

The  different  instruments  above  referred  to  may  be  obtained 
packed  in  a  case,  of  Mr.  Collins  and  Mr.  Highley.    They  are 
by  Weedon,  of  Hart-streeL 


Glass  Slides,  thin  Glass,   Waich-glasses,  Glass  Sliades. 


8s.  Plate  eiM«  BUdM,  the  edges  of  which  are  ground 
polished,  may  be  obtained  ready  for  use  at  six  shillings  per  gross,  or 
they  may  be  easily  cut  out  with  the  diamond,  and  the  edges  ground 
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on  the  grinding  slab.  The  slides  now  in  common  use  in  this  country 
are  three  inches  in  length  and  one  in  breadth,  and  I  cannot  too 
strongly  recommend  the  observer  to  employ  slides  of  this  size  only 
for  microscopical  purposes.  They  should  always  be  made  of  plate- 
glass,  and  pieces  as  clear  as  possible  should  be  selected. 

84.  Thin  Gi«M. — An  object  placed  for  examination  upon  a  glass 
slide  is  always  protected  with  a  piece  of  thin  glass  before  it  is  placed 
upon  the  stage  of  the  microscope.  Thin  glass  now  used  for  micro- 
scopical purposes  is  called  cylinder  glass,  and  is  manufactured  by 
Messrs.  Chance,  of  Birmingham.  It  may  be  obtained  of  different 
degrees  of  thickness.  Thin  glass  in  sheets  should  be  kept  in  fine 
sawdust,  and  it  is  very  readily  broken,  in  consequence  of  being  im- 
perfectly annealed.  When  cut  up  in  small  pieces,  it  should  be  kept 
in  a  little  box,  with  a  little  powdered  starch,  which  prevents  the  pieces 
being  broken.  For  cutting  the  thin  glass  an  instrument  termed  a 
writing  diamond  is  employed,  and  this  is  also  used  by  some  observers 
for  writing  the  name  of  the  preparation  upon  the  glass  slide.  As  a 
general  rule,  however,  I  think  it  better  to  write  the  name  of  the  speci- 
men upon  a  small  label  which  can  be  gummed  to  the  glass. 

Giass  Ceils  are  described  in  §§  124  to  135.  Ordinary  thin  glass  of 
various  degrees  of  thickness,  and  already  cut  into  squares  and  circles, 
may  be  obtained  of  Messrs.  Claudet  and  Houghton,  High  Holbom. 
For  the  very  high  powers  the  thinnest  pieces  must  be  selected  from  a 
considerable  quantity.  Messrs.  Powell  and  Lealand  supply  the  thin 
gUiss  for  use  with  their  twenty-fifth.     See  part  V. 

Tin  cells*  are  referred  to  in  §  118. 

85.  Watch.«laMes  of  various  sizes  should  be  kept  by  every 
observer,  as  they  are  convenient  for  many  purposes.  They  cost  about 
a  shilling  per  dozen,  and  may  be  obtained  of  the  watch-makers.  The 
lunette  glasses  are  useful  for  examining  substances  in  fluids  with  low 
powers,  as  in  these  we  are  enabled  to  obtain  a  considerable  extent 
of  fluid  of  nearly  uniform  depth. 

The  little  porcelain  moulds  in  which  moist  colours  are  kept,  and 
the  little  circular  and  oval  shallow  dishes,  are  most  useful  for  soaking 
microscopical  specimens  in  various  solutions  prior  to  examination  or 
mounting.     They  may  be  covered  by  circular  pieces  of  glass. 

88.  «laM  Shades. — Every  microscopist  should  be  provided  with 
fiom  six  to  twelve  small  glass  shades  from  two  to  four  or  five  inches 
in  diameter,  to  protect  objects  which  are  being  mounted  from  the 
dust  The  cheap  slightly  green  propagating  glasses,  now  commonly 
sold  at  all  the  glass  shade  shops,  are  most  convenient  for  this  purpose. 
They  cost  firom  2d,  to  $s.  These  shades  are  figured  in  pi.  XVI,  fig.  87. 

Glass  slides,  thin  glass  and  watch-glasses  are  included  in  many  of 
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ihe  cases  of  instruments  and  apparatus  sold  by  many  of  the  micro 
scope-makers. 


The  chief  cements  employed  in  microscopical  work,  are  Goii^^^^ 
she,  &a/i»g-uiax  \amish.  Solution  of  iheU-lae,  Solution  of  asphalt. 
Marine  glue,  Canada  balsam.  Gum,  and  a  French  cement  composed  of 
lime  and  India-nibber.  These  cements  are  used  for  attaching  the 
ylass  cell  to  the  glass  slide,  for  fixing  the  cover  upon  the  preparation 
after  it  has  been  properly  placed  in  the  cell,  and  for  other  purposes. 
'ITie  liquid  cements  should  be  kept  in  wide-mouthed  botiles,  or  in 
ia].ped  bottles,  fig.  88,  pi.  XVI. 

«l.  Cold  BiKc  is  prepared  by  melting  together  gum  animi,  boiled 
linseed  oil,  red  lead,  litharge,  sulphate  of  dnc,  and  turpentine.  Gold 
size  adapted  for  microscopical  purjKises  may  be  also  prepared  as  fol- 
lows;— J5  parts  of  linseed  oil  are  to  be  boiled  with  one  pari  of  red 
lead,  and  a  third  part  as  much  umber,  for  three  hours.  The  clear 
Huid  is  to  be  poured  off  and  mixed  with  equal  parts  of  while  lead  and 
yellow  ochre,  which  have  been  previously  well  pounded.  This  is  to 
be  added  in  small  successive  portions,  and  well  mixed  ;  the  whole  i 
then  again  to  be  well  boiled,  and  the  clear  Huid  poured  off  for  US6  ■ 
In  this  country  it  may  be  obtained  of  any  varnish  maker. 

88.  HtHlliiK-wBx  vamlHh   is  easily  made  by  dissolving  the  t 
sealing-wax  of  any  colour,  in  tolerably  strong  alcohol.     This  cement" 
is,  however,  apt  to  dry  rather  brittle,  and  should  not,  therefore,  be 
used  in  cases  where  it  is  of  the  greatest  importance  to  keep  the  cell 
perfectly  air-light.    It  forms  a  good  vamish  for  the  last  coat    Various 
colours  may  be  kept  according  to  taste. 

8».  svintion  «t  BtacU-lM!  is  recommended  by  Mr.  Ralphs  fiW] 
fixing  down  the  thin  glass  cover.  It  is  made  by  dissolving  shell-lac 
in  spirits  of  wine.  The  shell-lac  should  be  broken  in  small  pieces, 
placed  in  a  bottle  with  the  spirit,  and  frequently  shaken,  until  a  thick 
solution  is  obtained.  It  dries  rapidly,  and,  if  put  on  in  thin  layers 
successively,  forms  a  good  cement.  It  ^is  not  acted  upon  by  weak 
spirit. 

%m.  ■eu'a  cement. — The  best  cement  for  specimens  immersed 
in  glycerine  is  sold  by  Messrs.  Bell,  chemists,  Oxford-street  This, 
I  believe,  was  originally  suggested  by  Mr.  Tomes,  but  I  do  not  know 
its  exact  composition.     It  appears  to  contain  shell-lac  and  gold  size. 

SI.  r-mnswick  Black.— Solution  of  asphalt  in  turpentine  com- 
monly known  by  the  name  of  Brunswick  black,  may  be  obtained  at 
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any  oil-sliop,  and  forms  a  mosi  useful  ceinenl,  botK  for  making  very 
thin  cells,  and  also  for  fixing  on  ihc  thin  glass  covers.  If  a  little  solu- 
tion of  India-rubber  in  mineral  naphtha  be  added  to  it,  there  is  no 
danger  of  the  cement  cracking  when  dry.  For  this  hint  I  have  to 
thank  my  friend,  Mr.  Broolce.  i  have  many  preparations  which 
Jiave  been  cemented  with  Brunswick  black  which  luve  been  kept 
for  upwards  uf  ten  years.  It  is  always  desirable,  however,  to  paiot 
on  a  new  layer  from  time  to  lime,  perhaps  once  in  twelve  months. 

Common  Brunswick  black  is  made  by  melting  one  pound  of 
asphaltum,  and  then  adding  half  a  pound  of  linseed  oil,  and  a  quart 
of  oil  of  turpentine.  The  best  Brunswick  black  is  prepared  by  boiling 
together  a  quarter  of  a  pound  of  foreign  asphaltum,  and  four  and  a 
quarter  ounces  of  linseed  oil,  which  has  been  previously  boiled  with 
half  an  ounce  of  litharge  until  quite  stringy  ;  the  mass  is  then  mixed 
with  half  a  pint  of  oil  of  turpentine,  or  as  much  as  may  be  required  to 
make  it  of  a  proper  consistence.  It  is  often  improved  by  being 
thickened  with  lamp  black.  It  must  be  remembered  that  this  cemeni 
is  soluble  in  oil  of  turpentine. 

Dr,  Eulcnstein,  of  Stuttgart,  finds  that  equal  parts  of  Brunswick 
black  and  gold  size  with  a  very  little  Canada  balsam  form  a  very 
lasting  cemeni. 

91.  Hftrine  Cine. — This  substance  was,  I  believe,  first  used  for 
microscopical  purposes  by  Dr.  Cioadby,  of  Philadelphia,  It  is  pre- 
pared by  dissolving,  separately,  equal  parts  of  shell-lac  and  India- 
rubber,  in  coal  or  roineral  naphtha,  and  afterwards  mixing  the  solu- 
tions thoroughly  with  the  application  of  heat.  It  may  be  rendered 
thinner  by  the  addition  of  more  naphtha.  Marine  glue  is  readily  dis- 
solved by  naphtha,  ether,  or  solution  of  potash.  It  is  preserved  well 
in  a  tin  box.  I  shall  describe  the  manner  of  using  marine  glue  and 
the  different  cements  I  have  alluded  to  in  §§  ii6,  ny 

•S.  Ccmcpt  for  Attach  Ins  Gulla  Percha  or  iDdUurubbcr  to  tbe 
tilau  Slide* A  cement  for  attaching  cells  of  gutta  percha  or  India- 
rubber  to  the  ylass  slide  maybe  made  as  follows: — ^According  to 
Haning,  gutta  percha  is  to  be  cut  into  very  small  pieces  and  stirred, 
a  gentle  heat,  with  fifteen  parts  of  oil  of  tuqientine  ;  the  gritty,  in- 
soluble matter,  which  the  gutta  percha  always  contains,  is  to  be 
separated  by  straining  through  linen  cloth,  and  then  one  part  of  shell- 
lac  is  to  be  added  to  the  solution,  kept  at  a  gentle  heat,  and  occa- 
sionally stirred.  The  mixture  is  to  be  kept  hot  until  a  drop,  when 
allowed  to  fall  upon  a  cool  surface,  becomes  tolerably  hard.  When 
required  for  use,  the  mixture  is  to  be  heated,  and  a  small  quantity 
placed  upon  the  slide  upon  which  the  cell  is  to  be  fixed  ;  the  slide 
itself  is  then  to  be  healed. 
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94.  Canada  BaIubid,  a  thick  viscid  oleo-Tesiii,  wliich  becoi 
softer  on  ihe  application  of  a  gentle  heal,  is  much  employed  by 
microscopical  observers;  formerly  it  was  used  for  cementing  cells 
together,  but  this  is  now  effected  more  readily  by  the  aid  of  marine 
glue.  If  it  be  exposed  to  loo  high  a  temperature,  the  volatile  oil  is 
expelled,  and  a  hard  brittle  resin  remains  behind.  It  is  chiefly 
employed  for  mourning  hard  dense  textures ;  and,  in  consequence 
of  its  great  jjower  of  penetrating,  and  its  highly  refracting  properties, 
the  structure  of  many  substances,  which  cannot  be  made  out  by  the 
ordinary  mode  of  examination,  is  rendered  manifest  by  ihts  medium. 
Canada  balsam  should  be  preserved  in  a  tin  box,  pi.  XX,  fig.  1 2  7,  care 
being  taken  to  exclude  the  dust;  or  in  a  bottle  having  a  cap  to  it. 
The  balsam  should  be  kept  very  clean,  otherwise  preparations 
mounted  in  it  will  be  spoilt  in  consequence  of  the  accidental  intro- 
duction of  foreign  bodies.  It  has  been  frequently  recommended  that 
the  oldest  specimens  of  balsam  should  alone  be  employed  for  micro- 
scopical examination.  By  exposure  to  the  air,  the  balsam  becomes 
very  thick,  and  imfit  for  use  :  it  may  be  lliinned  by  the  addition 
of  turpentine,  ether,  or  chloroform.  Turpentine  is  apt  to  render  the 
balsam  liable  to  become  streaky  some  time  after  the  preparation 
has  been  mounted,  and  bubbles  are  often  found  in  it. 

Vessfh  /or  Keeping  Canada  Balsam  in. — -The  tubes,  made  of 
thick  tinfoil,  used  for  artists'  colours,  with  a  small  cap  that 
screws  on  to  the  top,  as  suggested  by  Mr.  Suffolk,  are  very  con- 
venient receptacles  for  the  preservation  of  Canada  balsam.  As 
they  contain  no  space  for  air,  the  balsam  does  not  become  hard  and 
unmanageable,  as  is  too  often  the  case  when  it  is  kept  in  bottles 
or  tin  pots,  There  is  no  necessity  for  using  a  glass  or  metal  rod. 
as  tlie  quantity  of  balsam  required  can  always  be  forced  out  with- 
out the  slightest  difficulty.  Other  cements  and  varnishes  can  be. 
kept  in  the  tin  tubes  also  for  any  length  of  time.  It  is  as  well, 
however,  lo  keep  them  in  an  uprigbl  position,  to  prevent  the  cemi 
from  running  into  the  thread  of  the  screw,  and  so  fixing  the  top 
lightly. 

Dr.  Carpenter  recommends  a  small  syringe  which  is  easily  filled 
with  the  balsam  when  fluid.  A  drop  can  always  be  obtained  by 
gently  warming  the  end  of  the  syringe,  and  applying  pressure  to  the 
piston.  By  this  plan  the  balsam  is  kept  perfectly  clean  and  free 
from  dust 

9B.  soiirthmM  ar  Canada  Baliam. — Canada  balsam  is  soluble  u 
ether,    but    its   best   solvent   is   chloroform.      Many    very  delical 
stnictures  may  be  mounted  in  Canada  balsam,  by  immersing  ihi 
in  a  chloroform  solution.     Suflicient  chloroform  is  added  to  mal 
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I  Be  mixture  run  freely.  The  balsam  becomes  more  viscid  and 
Jradually  gets  hard  as  the  chloroform  evaporates.  Solutions  of 
Csn^^  balsam  in  chloroform  are  now  much  used  for  mounting 
msects,  tissues,  and  various  objects. 

Mr.  Hepworth,  of  Croft's  Bank,  was  among  the  first  to  use  a 
solution  of  Canada  balsam  in  chloroform  for  mounting  objects. 
Mr.  W.  H.  Heys  (Trans.  Mic.  Soc,  Jan.  1865,  p.  19)  prepares  the 
solution  as  follows.  Old  baUarn  is  mixed  nith  sufficient  chloroform 
to  make  it  quite  fluid  so  that  it  will  drop  eiisily  from  the  lip  of  the 
vessel  containing  it.  The  prepared  balsam  is  then  poured  into  long 
thin  half-ounce  phials,  corked  up,  and  set  a.side  for  at  least  a  month. 
'ITic  balsam  thus  prepared  is  clearer  and  sets  much  quicker  than  it 
mixed  with  the  chloroform  at  the  time  it  is  required  for  use. 

S*.  ArranBCmeiit*  for  pnaRtnir  down  Iht  Ttain  CImm  corer  wbne 
the  Balnun  or  Cement  la  becamlns  hard  • — Some  elastic  specimens 
immersed  in  Canada  balsam,  gelatin,  and  other  media  require  firm 
.ure  to  be  kept  up  until  the  balsam  or  the  cementwhich attaches 
the  slide,  hardens.  Many  substances  immersed  in  fluids  may 
rendered  thinner  and  more  transparent  if  subjected  to  moderate, 
but  sustained  pressure,  while  the  cement  which  fijtes  down  the  thin 
glass  cover  is  becoming  dry  and  hard.  Others  retjuire  very  firm 
jiressure  while  the  process  of  drying  is  proceeding.  Several  methods 
have  been  devised  for  producing  pressure.  A  very  simple  plan  is  10 
place  a  small  piece  of  wood,  about  an  inch  in  height,  upon  the 
cover.  This  may  be  fixed  in  its  place  by  passing  a  piece  of 
thread  over  it,  and  tying  it  at  the  back  of  the  slide  ;  or  the  wood 
may  be  kept  in  its  place  by  a  vulcanized  India-rubber  ring. 
Ordinary  weights  may  be  used,  or  springs  arranged  as  in 
the  ingenious  apparatus  devi.sed  by  Mr.  Gorham.  My  friend 
Mr.  White  has  also  suggested  a  very  simple  and  effective  apparatus 
for  the  same  jiurpose,  ll  consists  of  a  bent  lever,  which, 
by  acting  upon  a  screw,  can  be  forced  down  upon  the  thin  glass 
with  the  amount  of  pressure  required.  Another  form  of  instru- 
ment, with  a  graduated  spring,  was  designed  by  the  Rev.  G.  Isbell, 
pi.  XX,  fig.  128.  The  tonpressorium  may  also  be  employed  for 
the  same  purpose,  if  a  small  piece  of  cork  be  inserted  between 
the  thin  gl.iss  to  which  the  pressure  is  to  be  applied,  and  the 
glass  of  the  compressorium  itself 

Mr.  Hoblyn,  of  Bath  (Archives  of  Medicine,  vol.  Ill,  p.  140}, 
has  also  invented  an  ingenious  arrangement.  In  lliis  instrument,  a 
number  of  slides  may  be  placed  at  the  same  time,  and  a  graduated 
pressure  exerted  upon  them,  pi.  XVI,  fig.  96. 

The  above  pieces  of  apparatus  have  however  been  superseded 


52 


UvW   TO   WORK 


iiy  the  use  of  ihe  simjile  spring  clip  devised  by  Dr.  Madd* 
(Trans.  Mic  Soc.,  July,  18G5,  p.  84).  This  is  made  by  bending 
piece  of  brass  wire  in  the  form  represented  in  pi.  XVI,  fig.  81 
The  end  which  i.s  to  press  ujwn  the  thin  glass  must  be  filed  pi 
fectly  flat,  or  a  piece  of  flat  cork  may  be  fixed  to  iL  Or,  in 
where  the  glass  cover  15  very  Uiin,  a  smaller  piece  of  thickt 
glass  may  be  placed  upon  it  and  the  spring  allowed  to  pri 
upon  the  latter.  This  clip  has  been  modified  by  Mr.  Webb,  as 
represented  in  fig.  90.  These  clips  may  be  obtained  al  u,  6'/. 
and  2s.  per  do/en  of  Mr.  Itaker,  Holbom,  and  of  Mr.  Highley, 
t'lreen  Street,  Leicester  Square. 

at-  einio.— Thick  gum-water  will  be  found  veiy  useful  for  atl 
ing  labels  to  preparations,  and  also  for  fixing  on  tlie  c< 
[larations  are  mounted  in  the  dry  way.     It  is  prepared  by  placing 
common  gum-arabic  in  cold  water,  and  keeping  the  bottle  in  a  warm 
place  until  the  solution  has  become  sufficiently  thick.     It  should 
always  be  strained  before  it  is  placed  in  the  bottle  for  use. 

Gum-water,  thickened  with  powdered  stardi  or  whiting, 
useful  cement  for  fixing  the  glass  cover  on  i»reparalions  mounted  di 
When    dry    it  forms    a    hard  white    coating.       The  add 
little  arsenious  acid  will  prevent  the   growth  of  mildew.     Anotlier 
very  convenient  solution  is  made  by  dissolving  powdered  gum  in 
a  weak  solution  of  acetic  acid, 

VS.  Fr«nrb  Cement  cwnponMl  of  Lime  niul  Indla-rublKr. — The 
I-'rench  cement  composed  of  lime  and  India-rubber  is  very  valuable 
for  mounting  all  large  microscopical  preparations.  The  principali 
advantages  are,  that  it  never  becomes  perfectly  hard,  and  it  therefo  ~ 
permits  considerable  alteration  to  take  place  in  the  fluid  contained  il 
the  cell  without  the  entrance  of  air.  It  also  adheres  very  intimately 
to  glass,  even  if  it  be  perfectly  smooth  and  unground.  Suppose  a 
glass  cover  is  to  be  attached  to  a  large  cell  containing  fluid.  A  small 
piece  of  the  cement  is  taken  between  the  finger  and  thumb  and 
larefully  rolled  round  until  it  can  be  drawn  out  into  a  thread  aboul 
the  eighth  or  tenth  of  an  inch  in  thickness.  I  apply  this  to  the  Ioik] 
ijf  the  cell,  before  introducing  any  fluid,  and  slightly  press  it  down. 
with  the  finger  previously  moistened.  It  adheres  intimately.  TheJ 
preserrative  fluid  with  the  preparation  are  now  introduced  and  thei 
I  ell  filled  with  fluid  which  indeed  is  allowed  to  rise  up  slightly  above 
its  walls.  The  glass  cover,  cut  rather  smaller  than  the  external  dimen- 
iians  of  the  eel!,  and  slightly  roughened  at  the  edges,  is  to  be  gently 
breathed  upon,  and  then  one  edge  is  applied  to  the  cement,  so  thai 
it  may  be  allowed  to  fall  gradually  upon  the  surface  of  the  fluid  which 
is  now  seen  to  wet  each  part  of  the  cover  successively,  until  it  com- 
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pletely  covers  the  cell,  and  a  certain  quantity  of  the  superfluous  fluid 
is  pressed  out  By  the  aid  of  any  pointed  instrument  a  very  little 
cement  is  removed  from  one  part,  so  that  more  fluid  may  escape  as 
the  cover  is  pressed  down  gently  into  the  cement.  The  pressure 
must  be  removed  very  gradually,  or  air,  of  course,  will  enter  through 
the  hole.  A  bubble  of  air  entering  in  this  manner  may  often  be 
expelled  again  by  pressure,  or  it  may  be  driven  out  by  forcing  in 
more  fluid  through  a  very  fine  syringe  at  another  part  of  the  cell ; 
but  it  is  far  better  to  prevent  the  entrance  of  air  in  the  first  instance. 
The  edge  of  the  glass  cover  being  thoroughly  embedded  in  the 
cement,  the  small  hole  is  to  be  carefully  plugged  up  with  a  small 
piece  of  cement,  and  the  cell  allowed  to  stand  perfectly  still  for  a 
short  time,  when  it  may  be  very  gently  wiped  with  a  soft  cloth. 
The  edges  of  the  cement  may  be  smoothed  by  the  application  of  a 
warm  iron  wire,  and  any  superabundance  removed  with  a  sharp 
knife.  A  little  Brunswick  black  or  other  liquid  cement  may  be. 
applied  to  the  edges,  for  the  purpose  of  giving  the  whole  a  neater 
appearance. 

The  cement  is  made  as  follows : — A  certain  quantity  of  India- 
rubber  scraps  is  carefully  melted  over  a  slow  fire  in  a  covered  iron; 
pot  The  mass  must  not  be  permitted  to  catch  light  When  it  is 
quite  fluid,  lime,  in  a  perfectly  fine  powder,  having  been  slacked  by 
exposure  to  the  air,  is  to  be  added  by  small  quantities  at  a  time, 
the  mixture  being  well  stirred.  When  moderately  thick,  it  is  removed 
firom  the  fire  and  well  beaten  in  a  mortar  and  moulded  in  the  hands 
until  of  the  consistency  of  putty.  It  may  be  coloured  by  the  addition 
of  vermilion  or  other  colouring  matter.  I  have  several  preparations 
which  have  been  placed  in  the  creosote  and  naphtha  solution  in  large 
cells,  and  they  are  now  perfectly  air-tight,  although  upwards  of  twenty 
years  have  elapsed  since  they  were  first  put  up,  The  lime  and 
India-rubber  cement  answers  well  for  fixing  on  the  glass  tops  of 
large  preparation  jars,  and  looks  very  neat ;  but,  if  moderately 
strong  spirit  be  used,  a  little  air  must  be  permitted  to  remain  in 
the  jar. 

PRESERVATIVE    FLUIDS. 

In  all  cases  an  object  to  be  mounted  in  a  preservative  fluid  should 
be  soaked  in  a  considerable  quantity  of  it  for  at  least  a  day  before 
it  is  mounted  permanently,  and  if  the  specimen  is  large,  it  should  be 
soaked  for  many  days  previous  to  being  finally  placed  in  the  cell. 

•••  Spirit  mnd  Water. — Spirit  and  water  form  a  well-known 
and  valuable  medium  for  preserving  anatomical  preparations.  In 
diluting  spirit,  distilled  water  only  should  be  employed ;  for  if  common 
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wutt  be  mixed  wllh  spirit,  a  precipitation  of  some  of  the  sail 
dissolved  in  it  not  unfrequently  takes  place,  which  renders  the  mixli 
turbid  and  unfit  for  use.  Proof  spirit  will  be  strong  enough  for 
general  purposes,  except  for  hardening  portions  of  the  brain  or  nervoi 
system,  when  stronger  spirit  must  be  used.  Two  parts  of  rectified 
spirit,  about  sp.  gr.  837,  mixed  with  one  part  of  pure  water,  make  a 
mixture  of  sp.  gr,  ■9i3-"9io,  which  contains  about  49  per  cent  of 
real  alcohol,  and  will  therefore  be  about  the  strength  of  proof  spirit, 
(.)ne  part  of  alcohol,  sixty  over  proof,  to  five  parts  of  water,  forms  a 
mixture  of  sufficient  strength  for  the  preservation  of  many  substances, 
and  not  a  few  microscopical  specimens  may  be  preserved  in  a  so- 
lution more  diluted  than  this.  For  some  years  past,  the  Covemment 
has  permitted  the  use  of  methylated  alcohol  for  various  purposes  in 
the  arts,  which  pays  no  duty.  This  spirit  answers  well  for  preserving 
anatomical  prejwraiions,  and  is  a  great  boon  to  all  engaged  in  putting-: 
up  large  anatomical  specimens.  It  may  be  obtained  at  the  price  of. 
5J.  61/.  a  gallon,  sixty  degrees  over  proof,  of  Messrs.  Lightly  and 
Simon,  and  of  other  distillers,  in  quantities  of  not  less  than  ten  gallons 
al  a  time.  In  the  first  instance,  application  must  be  made  to  the 
Board  of  Inland  Revenue,  Somerset  House,  for  permission  to  use 
the  spirit,  by  letter,  accompanied  with  the  names  of  two  respectable 
householders,  who  are  willing  to  act  as  bond  that  the  applicant  only 
uses  it  for  the  purposes  stated  in  his  application.  The  probable 
quantity  required  annually  must  also  be  stated.  1 

!••.  eircfrine.— This  is  one  of  the  most  valuable  fluids  evec, 
employed  for  microscopical  purposes.  I  believe  Mr,  Warington,  of 
Apothecaries'  Hall,  was  the  first  observer  who  used  this  medium 
as  a  preservative  fluid  for  microscopical  preparations. 

A  solution  of  glycerine  adapted  for  preserving  many  structures  is 
prepared  by  mixing  equal  part^of  glycerine  with  camphor  water.  Thft 
latter  prevents  the  tendency  to  mildew,  or  it  maybe  mixed  with  naphlhs 
and  water,  or  with  the  creosote  solution  to  be  described  presently. 
The  degree  of  dilution  will  depend  upon  the  nature  of  specimen.. 
If  the  substance  be  at  all  opaque  it  will  be  necessary  to  employ  strong: 
glycerine.  I  have  many  preparations  which  have  been  preserved 
in  glycerine  for  nearly  twenty  years.  Of  the  importance  of  slronj 
glycerine  as  a  preservative  medium,  1  shall  have  to  speak  more  fully 
in  part  V.  Glycerine  may  be  mixed  with  various  chemical  tests  anil 
pre?ervative  substances,  for  special  enquiries,  and  analyses  may  be 
conducted  by  the  test  substances  being  dissolved  in  this  menstruum 
instead  of  in  water.  For  preserving  medusae  and  delicate  marine 
animals  Dr.  Carpenter  recommends  a  solution  composed  of  im  water 
with    one-tenth   of  alcohol  and  the   same  quantity  of  glycerin) 
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Dr.  Maddox  tells  me  that  for  some  years  past  he  has  been  in  the  habit 
of  using  equal  parts  of  sweet  spirits  of  nitre  (Sp.  Eth.  Nit.  of  the  Phar- 
macopoeia) and  glycerine,  especially  in  preparing  delicate  tissues  of 
insects.  He  finds  that  many  objects  are  rendered  very  transparent 
if  washed  in  this  medium,  before  they  are  preserved  in  glycerine. 

Glycerine  used  to  be  obtained  by  boiling  oil  with  litharge.  The 
oleate  of  lead  remains  as  an  insoluble  plaster,  while  the  glycerine  is 
dissolved.  It  may  be  rendered  free  from  lead  by  passing  a  current 
of  sulphuretted  hydrogen  through  it ;  and  the  clear  solution,  after 
filtration,  may  then  be  evaporated  to  the  consistence  of  a  syrup. 

The  glycerine  which  is  now  distilled  by  a  patent  process,  and 
known  as  Price's  glycerine,  is  much  superior  to  the  ordinary  glycerine. 
It  is  perfectly  colourless,  free  from  all  impurities,  and  of  much  greater 
density.  The  specific  gravity  of  Price's  patent  glycerine  is  1240, 
while  the  common  is  only  1196-6.  The  former  costs  about  4?.  and 
the  latter  is,  6d.  a  pound. 

For  more  than  fifteen  years  I  have  used  glycerine  for  preserving 
almost  every  structure.  I  shall  give  the  results  of  my  most  recent 
experience  of  this  substance,  from  the  use  of  which  I  have  learnt 
more  than  from  any  other  preservative  medium,  in  part  V,  where 
also  the  advantages  of  glycerine  are  discussed. 

101.  Tbwaltes*  Fluid. — This  fluid  has  been  much  employed  by 
Mr.  Thwaites  for  preserving  recent  specimens  of  desmidiae ;  but  it 
is  also  applicable  to  the  preservation  of  a  vast  number  of  animal 
substances. 

It  is  made  as  follows : — 

Water  .         .         .  16  ounces. 

Spirits  of  wine      ...  i  ounce. 

Creosote,  sufficient  to  saturate  the  spirit 
Chalk,  as  much  as  may  be  necessary. 

Mix  the  creosote  and  spirit,  stir  in  the  chalk  with  the  aid  of  a 
pestle  and  mortar,  and  let  the  water  be  added  gradually.  Next  add 
an  equal  quantity  of  water  saturated  with  camphor.  Allow  the 
mixture  to  stand  for  a  few  days  and  filter.  In  attempting  to 
preserve  large  preparations  in  this  fluid,  I  found  that  it  always  became 
turbid,  and  therefore  was  led  to  try  several  modifications  of  it 
The  solution  next  to  be  described  was  found  to  answer  very  satis- 
factorily. 

Water  may  also  he  impregnated  with  creosote  by  distillation.  It 
should  be  remarked  that  M.  Strausdurkheim  has  succeer^ed  in  pre- 
serving animal  preparations  in  camphor  water  only. 
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■•3.   Holiiilon  at  Naphtha  an«   Creaavtc: — 

Creosote 3  drachms- 
Wood  naphtha    6  ounces. 

Distilled  water    64  ounces. 

Chalk,  as  much  as  may  be  necesitary. 

Mix  first  the  naphtha  and  creosote,  then  add  as  much  prepared! 
chalk  as  may  be  sufficient  to  form  a  thick  smooth  paste  ;  afterwards 
add,  very  gradually,  a  small  quantity  of  the  water,  which  must  bo] 
well  mixed  with  the  other  ingredients    in  a  mortar.     Add    two  1 
three  small  lumps  of  camphor,  and  allow  the  mixture  to  stand  i 
lightly  covered  vessel  for  a  fortnight  or  three  weeks,  with  occasional! 
stirring.     The  almost  clear  supernatant  fluid  may  then  be  poured  a 
and  filtered  if  necessary.     It  should  be  kept  in  well-corked  ( 
pered  bottles. 

I  have  some  large  preparations  which  have  been  preserved  iir 
upwards  of  a  pint  of  this  fluid,  for  nearly  twenty  years,  and  the  fluid 
is  now  perfectly  clear  and  colourless.  Some  dissections  of  the 
nervous  systems  of  insects  have  kept  excellently ;  the  nerves  retain 
their  white  appearance,  and  have  not  become  at  all  brittle.  Two  or  1 
three  morbid  specimens  are  also  in  an  excellent  state  of  preservatioHi 
the  colour  being  to  a  great  extent  preserved,  and  the  soft  character  d 
the  texture  remaining.  I  have  one  preparation  mounted  in  a  h 
gutta-percha  cell,  containing  nearly  a  gallon  of  this  fluid. 

A  solution  of  wood  naphtha  or  pyroacetic  spirit  in  water,  has  bee 
recommended  by  Professor  Quekett,  and  forms  an  excellent 
servative  solution,  in  the  proportion  of  one  part  of  the  naphtha  t 
len  of  water.    The  solution  is  often  a  litde  cloudy,  but  may  be  n 
quite  clear  by  filtration  after  the  mixture  has  been  allowed  to  standQ 
still  for  some  days. 

One  great  advantage  of  these  aqueous  preservative  solutions  ii 
that  the  natural  ap|>eaTance  of  the  structure  is  very  slightly  alter© 
The  solution,  however,  after  a  time  renders  many  of  the  n 
structures  more  or  less  granular. 

las.  CRTiMlle  AcM. — A  solution  of  carbolic  acid  in  distilled 
water  also  preserves  many  animal  and  vegetable  preparations  e 
ingly  well.  The  water  will  only  take  up  a  very  small  quanrity, 
the  preservative  properties  of  the  weakest  solution  are  very  ( 
One  part  of  carbolic  acid  to  a  hundred  of  water  is  sutRcient.  CarboHi| 
acid  may  be  obtained  perfectly  pure  in  a  crystalline  stale  of  MessK 
Hopkins  and  Williams,  New  Cavendish  Street, 

l«4.  sointlan  of  Chromlo  Add. — A  solution   of  rhromic  acJd  I 
well   adapted   for  preserving  many  microscopical  specimens.     It  i 
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particularly  useful  for  hardening  portions  of  the  nervous » system 
preyious  to  cutting  thin  sections.  The  solution  is  prepared  by  dis- 
solving sufficient  of  the  crystallized  acid  in  distilled  water  to  render 
the  liquid  of  a  pale  straw  colour. 

The  crystallized  acid  may  be  prepared  by  decomposing  loo 
measures  of  a  saturated  solution  of  bichromate  of  potassa,  by  the 
addition  of  120  to  150  measures  of  pure  concentrated  sulphuric  acid. 
As  the  mixture  becomes  cool,  crystals  of  chromic  acid  are  deposited, 
which  should  be  dried  and  well  pressed  on  a  porous  tile,  by  which 
means  the  greater  part  of  the  sulphuric  acid  is  removed,  and  the 
crystals  obtained  nearly  pure. 

!•&.  PreservatlTe  «el«llne. — ^This  substance  was  first  employed 
for  preserving  microscopical  textures  by  Mr.  H.  Deane,  who  gives 
the  following  directions  for  its  preparation  : — 

Gelatine  ...  ...         ...         ...  i  ounce. 

Honey      ...  ...         ...         ...  4  ounces. 

Spirits  of  wine  jounce. 

Creosote  ...  ...         ...         ...  6  drops. 

Soak  the  gelatine  in  water  until  soft,  and  to  it  add  the  honey 
which  has  been  previously  raised  to  the  boiling-point  in  another 
vessel.  Next,  let  the  mixture  be  boiled,  and  after  it  has  cooled  some- 
what, the  creosote  dissolved  in  the  spirits  of  wine  is  to  be  added. 
Lastly,  filter  through  thick  flannel  to  clarify  it 

When  required  for  usej  the  bottle  containing  the  mixture  must  be 
slightiy  warmed,  and  a  drop  placed  on  the  preparation  upon  the 
glass  slide,  which  should  also  be  warmed  a  little.  Next,  the  glass 
cover,  after  having  been  breathed  upon,  is  to  be  laid  on  with  the 
usual  precautions.  The  edges  may  be  covered  with  a  coating  of  the 
Brunswick  black  varnish.  Care  must  be  taken  that  the  surface  of 
the  drop  does  not  become  dry  before  the  application  of  the  glass 
cover ;  and  the  inclusion  of  air-bubbles  must  be  carefully  avoided. 

lO«.  Gelmtlne  mnd  Glycerine. — A  mixture  of  gelatine  and  glycerine 
makes  a  very  valuable  medium  for  preserving  different  animal  and 
vegetable  structures. 

The  mixture  may  be  made  as  follows : — A  certain  quantity  of 
gelatine  or  isinglass  is  allowed  to  soak  for  some  time  in  cold  water, 
until  it  swells  up  and  becomes  soft.  It  is  then  placed  in  a  glass 
vessel  and  melted  by  the  heat  of  warm  water.  It  may  be  clarified  if 
necessary,  by  first  adding  to  the  cool  gelatine  a  little  white  of  egg, 
then  boiling  the  mixture,  and  filtering  through  fine  flannel.  To.  this 
fluid,  an  equal  quantity  of  strong  glycerine  is  added  and  well  mixed 
with  it     This  mixture  may  be  kept  for  any  length  of  time,  and  a 
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very  sliglit  heat  is  sufficient  to  render  it  perlcctly  fluid.     The  gelatine    I 
and  glycerine,  prepared  by    Mr.  Rimmington,  operative  chemist,  of 
Bradford,  is  the  best  medium  of  the  kind  I  have  used.     It  may  be 
obtained  by  small  bottles  free  by  post  for  u.  ^d. 

lOT.  Cum  and  siycerine. — Mr.  Farrants  has  suggested  the  follow- 
ing  valualjle  preservative  medium  which  will  be  found  most  useful  for  I 
mounting  very  many  objects  :— 

Picked  gum-arabic 4  ounces  by  weight 

Distilled  water  ...  ...     4         „ 

Glycerine     .,  a        „         „ 

It  is  10  be  kept  in  a  stoppered  bottle  and  a  piece  of  camphor 
added  to  the  solution. 

1*8.  CioMlbT'B    solDtlon. — This    is    made    of   several    different  j 
strengths.     That  most  generally  useful   is  the  following  : — 


Bay  salt 

Alum      

Corrosive  sublimate. 
Boiling  water 


3  ounces. 

4  grains. 


Mix  and  filter.  This  solution  for  most  purposes  may  be  diluted 
with  an  equal  bulk  of  water.  For  preserving  deUcate  preparations 
it  should  be  even  still  more  dilute.  Goadby's  solution  is  very 
valuable  for  preserving  many  anatomical  specimens,  but  as  it  tends 
to  render  tissues  hard  and  opaque,  is  is  not  adapted  for  the  preser- 
vation of  many  structures  which  are  to  be  examined  in  the  microscope. 

■•B.  ■umctt'H  Roiutian,  consisting  of  chloride  of  zinc,  is  s 
powerful  antiseptic,  but  not  adapted  for  the  preservation  of  micro- 
scopical specimens. 

iia.  Chioridi:  of  Caiclnm.^ — A  saturated  aqueous  solution  of 
chloride  of  calcium,  free  from  iron,  has  been  much  recommended 
for  preserving  specimens  of  bone,  hair,  teeth,  and  other  hard 
structures,  as  well  as  many  vegetable  tissues.  A  solution  of  chloride 
of  calcium  has  been  used  by  the  late  Professor  Schroder  Van  der 
Kolk,  of  Utrecht,  for  keeping  sections  of  the  spinal  cord  and  pre- 
parations of  nerves.  Many  of  these,  through  the  kindness  of  my 
friend,  I  have  had  an  opportunity  of  seeing  and  can  testify  to  their 
excellence. 

111.  Alum  mat  other  Salts. — A  solution  of  alum  in  the  propor- 
tion of  one  part  of  alum  to  sixteen  of  water  has  been  found  to 
answer  pretty  well  for  some  substances.  Gannal's  solution,  which 
consists  of  one  part  of  atdaU  of  aiumuta  dissolved  in  ten  parts 
water ;  solutions  of  amnion  salt  (one  part  to  five  of  water. 
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little  camphor),  corrosive  sublimate^  persulphate  of  iron ^  sulphate  of  zinc ^ 
and  solutions  of  several  other  salts,  have  been  recommended  as  pre- 
servative solutions,  but  although  adapted  for  the  preservation  of 
animal  Substances,  they  cannot  be  employed  for  microscopical 
specimens,  in  consequence  of  their  tendency  to  render  the  textures 
veiy  opaque  and  granular.  Mr.  A.  E.  Verrill  (Siliman's  Journal, 
March  1865)  recommends  a  solution  made  with  nitre,  rock  salt,  and 
arseniate  of  potassa.  My  own  experience,  however,  has  led  me  to 
discard  all  solutions  containing  salts  for  microscopical  purposes. 

IM.  Arsenioiu  Add  has  been  much  recommended,  and 
Dr.  Andrew  Clarke  has  preserved  many  specimens  of  lung  tissue 
and  other  structures  in  an  aqueous  solution  of  this  substance. 

lis.  Anenlaretted  taydrosen  gas  has  also  been  recommended 
for  the  preservation  of  animal  substances,  but  it  is  not  adapted  for 
microscopical  preparations.  Dr.  Richardson  has  lately  kept  animal 
substances  from  decomposition  by  immersing  them  in  an  atmosphere 
of  nitrogen^  which  is  prepared  by  placing  a  piece  of  phosphorus  in 
a  stone  jar  containing  common  air,  and  provided  with  an  air-tight 
cover.  The  oxygen  is  soon  exhausted,  and  no  decomposition  can 
take  place. 

Most  of  the  preservative  solutions  which  I  have  referred  to  may 
be  obtained  of  Mr.  Highley,  Green  Street,  Leicester  Square.  The 
mode  of  using  them  will  be  described  further  on.  Every  micro- 
scopist  engaged  in  any  special  enquiry  will  of  course  alter  the  com- 
position of  these  solutions  in  any  way  experiment  may  show  to  be 
advisable.  Great  improvements  doubtless  may  yet  be  made  in  many 
preservative  solutions.  A  series  of  exact  experiments  of  the  effects 
of  the  different  fluids  upon  the  same  textures  is  much  to  be  desired, 
and  this  is  one  of  the  questions  upon  which  amateurs  might  con- 
tribute most  valuable  information. 

CELLS    FOR   PRESERVING  MICROSCOPICAL  SPECIMENS. 

All  objects  intended  for  microscopical  observation  should  be  pro- 
tected with  a  cover  of  thin  glass.  This  cover  prevents  the  entrance 
of  dust,  and  protects  the  object  from  exposure  to  the  atmosphere. 
The  fluid  in  which  many  objects  are  placed  for  examination  would 
rise  in  vapour  which  would  condense  upon  the  object-glass,  and  give 
rise  to  great  inconvenience  were  it  not  prevented  from  evaporating 
by  a  thin  glass  cover.  If  the  thin  glass,  however,  should  press  upon  the 
object  placed  upon  the  glass  slide,  its  distinctness  would  in  many 
cases  be  impaired,  or  the  structure  might  be  entirely  destroyed — an 
inconvenience  which  may  be  prevented  by  placing  some  insoluble  subr 


62  HOW   TO   WuRK 

maybe  effected  with  an  ordt  nary  sharp-pointed  file  if  the  end  be  J 
moistened  from  time  to  time  with  a  little  turpentine.  The  operation' 
IS  of  course  more  quickly  performed  with  a  drill,  the  point  of  whichl 
has  Iwen  rendered  very  hard. 

»1.  CcmenUnr  6ta»  tosettair  vltb  Mvlne  Cine. — The  surfacel 
of  glass  to  which  a  cement  is  to  be  applied  should  always  bel 
roughened  by  grinding,  as  the  cement  adheres  much  more  intimately  J 
to  a  rough  surface  than  to  the  polished  glass. 

Glass  is  cemented  together  with  marine  glue,  and  in  making  large! 
built  glass  cells,  the  edges  arc  united  by  means  of  the  same  substancei.a 
which  can  now  be  readily  obtained.  Formerly  gold  size,  Canadafl 
balsam,  and  other  cements  were  employed,  but  these  are  all  inferioi^ 


Tlie  manner  of  apjilying  the  marine  glue  to  the  glass  has  been 
already  alluded  to.     The  glass  must  always  be  warmed  upon 
brass  or  iron  plate,  so  tliat  the  heat  may  be  applied  gradually  and 
equally.     It  must  not  be  touched  with  cold  fingers,  but  must  be  held 
with  wooden  forceps,  or  with  ordinary  forceps,  the  extremities 
which    have  been  protected  with   pieces  of  cork,  in 
described  in  §  8z. 

When  the  pieces  of  glass  of  which  the  cell  is  to  be  composed 
warm  enough,  a  little  glue  cut  into  small  pieces  is  allowed  to  melt  il 
the  position  in  which  the  glass  is  to  be  fixed.  When  it  is  melted,  thi 
glass  is  applied  and  pressed  down  upon  a  dc:il  board,  so  as  to  squeei 
out  OS  much  marine  glue  as  possible  and  make  a  good  joint 

The  student  should  make  for  himself  a  plate-glass  stage.    A  pii 
of  thin  plate  plass  is  cut  about  four  inches  by  two.     The  edges  anj 
to  be  ground  smooth  and  a  narrow  strip  of  glass  cemented  to  oni 
edge  with  marine  glue.     This  is  to  support  the  ordinary  glass  slide,, 
A  glass  stage  of  this  description  protects  the  microscope,  espcci; 
when  acids  or  corrosive  fluids  are  used,  fig.  97,  pi.  XVII. 

IIS.  Cleaning  oT  HapcrfiuotiK  eiue. — While  the  slide  is  yet  warm, 
much  of  the  glue  may  be  scraped  off  with  an  old  knife  and  small 
chisel,  pi.  XVI,  fig.  93,  after  which  a  little  so/utwn  of  potash  (the 
/lywr/c/iWJff  of  the  shops)  will  soften  the  remainder.  It  may  then 
be  very  readily  removed  with  the  aid  of  soap  and  water  and  a 
nail  brush.  Or  the  whole  cell  may  be  soaked  in  equal  parts  ofliquor 
potassje  and  water,^but  we  must  bear  in  mind  that  if  the  cell  be 
soaked  for  too  long  a  time  in  strong  solution  of  potash,  there  is 
danger  of  the  glue  between  the  glass  being  softened.  The  potash  must 
always  be  carefully  washed  away,  to  prevent  the  chance  of  the  glue 
being  softened  after  the  cell  is  complete. 

U4.  Cell*  mMe  of  Tbln  eiaw. — The  neatest  and  most  perft 
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shallow  cdl  is  formed  by  making  a  hole  of  the  required  size  in  a 
piece  of  thin  glass.  This  used  to  be  effected  as  follows : — Many 
pieces  of  thin  glass  were  glued  together  with  marine  glue,  and  when 
cold  a  hole  was  drilled  through  them  all.  Lastly  they  were  separated 
from  each  other  by  heat,  and  cleaned  with  potash  in  the  usual 
manner. 

12s.  simple  Methods  of  Perfomtliiv  the  Thin  Glass. — ^Thin  glass 
cells  may,  however,  be  readily  made  by  every  microscopist  for  him- 
self, according  to  either  of  the  following  plans  : — My  friend.  Dr.  Frere, 
takes  a  small  piece  of  thin  glass,  and  with  the  writing  diamond 
scratches  a  line  corresponding  to  the  piece  of  glass  he  wishes  to 
remove,  next  a  bradawl  or  other  sharp  instrument  is  placed  in  the 
centre  of  the  space,  the  glass  being  laid  upon  a  perfectly  flat  surface, 
such  as  thick  plate  glass.  A  sharp  tap  upon  the  bradawl  with  a  light 
hammer  causes  it  to  perforate  the  glass,  but  the  cracks  made  in  it  do 
not  extend  beyond  the  line  marked  with  the  diamond.  The  fragments 
of  glass  are  then  carefully  removed  piecemeal  with  a  pair  of  fine  for- 
ceps, and  the  cell  is  complete.  In  many  cases,  however,  the  cracks 
do  pass  beyond  the  line,  and  thus  the  chance  of  removing  the  frag- 
ments from  the  centre  is  much  diminished. 

The  method  which  I  have  been  in  the  habit  of  employing  for 
some  years  is  this :  I  cement  a  square  or  circle  of  thin  glass  with 
marine  glue  to  one  of  the  circular  or  quadrangular  rings  of  glass  used 
for  making  deep  glass  cells,  and  alluded  to  in  §  127  ;  the  hole  in  the 
centre  being  the  exact  size  of  that  required  to  be  made  in  the  thin 
glass,  pi.  XVII,  fig.  99.  When  the  marine  glue  is  cold,  a  file  is 
forced  through  the  centre  of  the  thin  glass.  The  cracks  thus  pro- 
duced do  not  run  across  that  part  of  the  glass  cemented  by  the 
marine  glue.  The  edges  may  then  be  filed  square,  and  the  thin 
glass  only  requires  to  be  warmed  in  order  to  remove  it  from  the  cell. 
It  may  now  be  fixed  upon  the  slide  at  once,  or  cleaned  with  potash 
and  kept  with  others  until  required  to  be  made  into  a  cell. 

In  order  to  perforate  the  thin  glass  in  making  thin  glass  cells, 
Mr.  Brooke  takes  two  firm  brass  rings,  ground  perfecdy  flat,  the 
diameter  of  one  being  a  trifle  less  tiian  that  of  the  other.  The  piece 
of  thin  glass  to  be  perforated  is  firmly  pressed  between  them,  and 
the  writing  diamond  carried  round  so  as  to  scratch  each  surface.  The 
circular  piece  is  then  removed  by  a  slight  tap  upon  the  surface  on 
which  the  smallest  circle  has  been  scratched. 

126.  Deeper  Glass  Cells. — Supposing  a  cell  a  little  deeper  than 
any  of  the  above  is  wanted  we  may  proceed  in  a  different  manner, 
vpl.  XVII,  fig.  100 ;  a  piece  of  plate  glass  of  the  proper  thickness  is 
to  be  cut  with  ttie  diamond  to  correspond  with  the  outside  of  the 
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CL'II,  next,  from  each  skiir  of  this  piece  of  glass,  a  strip  of  the  required 
width  is  to  be  removed,  and  from  its  ends,  corresponding  strips  are  to 
bt:  i:ut  off.  The  central  portion  is  taken  away,  and  the  strips  thus  c-ul 
out  are  inverted  upon  the  slide  ujion  which  ihey  are  lo  be  fixed  witJi 
marine  glue,  care  being  taken  to  mark  them  in  the  first  instance,  so  that 
they  may  correspond  properly  with  each  other.  The  marine  glue  is 
allowed  to  run  well  into  all  the  comers.  In  this  way  a  capital  cell 
is  very  easily  and  quickly  made.  Cells  of  various  sizes  and  depths 
can  be  manufactured  upon  this  principle.  The  surface  of  the  glass 
rim  should  be  ground  upon  the  stone,  and  the  superfluous  glue 
removed  in  the  ordinary  manner. 

1X1.  anudi  Deep  ceiu  for  liUectlaiis. — By  drilling  a  hole  in  a  piece 
of  plate  glass,  by  cutting  off  sections  of  various  thickness  from  thick 
glass  tubing,  or  from  thick  square  glass  botUes,  or  from  vessels  moulded 
for  the  purpose, — excellent  cells  of  various  dimensions,  and  admirably 
adapted  for  mounting  injections  and  other  purposes,  are  made;  but 
when  the  preparation  is  of  considerable  thickness,  deeper  cells  than 
any  of  those  to  which  I  have  aJluded  will  be  required,  These  may 
be  made  in  glass,  gutta  percha,  and  some  otber  substances.  A 
round  or  oval  conravily  may  be  ground  upon  the  surface  of  a  piece 
of  very  thick  plate  glass.  Different  forms  of  small  deep  glass  ccUs 
are  represented  in  pi.  XVII,  figs,  loi  to  105.  Moderately  deep  glass 
cells  may  be  made  also  by  grinding  holes  of  the  size  required  through 
thick  plate  glass,  fig.  105. 

138.  Built  eiaiu  Cells  are  those  which  are  constructed  by  joining 
together,  at  the  edges  and  ends,  separate  pieces  of  glass  with  marine 
glue  or  some  other  cement.  The  simplest  form  of  built  glass  cell  has 
been  already  described. 

Good  cells  may  be  made  from  thick  plate  glass,  the  edges  of 
which  have  been  ground  perfectly  flat  before  they  were  united  with 
the  marine  glue.  Dr.  Goadby  used  to  make  many  of  these  cells, 
upon  this  principle  of  very  large  dimensions.  They  may  be  obtained 
of  Mr.  Dennis,  of  St  John's  Street  Road,  who  has  succeeded  in 
making  plate  glass  boxes  in  this  manner  large  enough  to  hold 
several  quarts  of  fluid.  Many  cells  of  this  description  may  be  seen 
in  the  Hunterian  Museum  of  the  Royal  College  of  Surgeons.  They 
may  be  constructed  as  follows ;— A  strip  of  plate  plass  is  cut  off,  of 
the  proper  height  for  the  sides  of  the  cell.  From  this,  two  pieces  are 
to  be  cut  off  the  desired  length  of  the  sides,  and  two  pieces  for  the  ends. 
Tlie  flat  surface  of  these  are  to  be  cemented  with  marine  glue,  and  all 
the  edges  ground  perfecdy  flat  together.  The  ends  are  also  to  be  very 
carefully  ground  square.  They  are  then  to  be  separated  by  heat  and 
connected  together  at  the  comers  in  the  proper  position,  pL  XVIII, 
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fig.  roS,  When  the  Tour  sides  have  been  thus  jomwl  logeiher,  one 
surface  is  lo  be  carefully  ground  flat,  and  then  cemented  to  ihe  plate- 
glass  bottom.  The  other  side,  on  which  the  cover  is  to  be  placed, 
may  be  ground  flat  afterwards.  In  order  to  increaic  the  strength 
of  these  cells  and  to  diminish  the  chance  of  leakage,  il  is  well  to 
cement  small  pieces  of  glass  in  the  comers,  and  nanow  strips 
outside,  where  the  sides  are  attached  to  the  glass  slab,  pi.  XVIII, 
fig.  109. 

These  cells,  of  course,  take  some  time  to  make,  but  they  are  exceed- 
ingly neat,  and  have  but  one  serious  drawback— a  slight  liability  to 
leak,  which  is  hardly  to  be  wondered  at  when  ihe  number  of  the 
joinings  is  taken  into  consideration. 

ISSi.  Weep  GiBu  Cell*  m«4r  by  bcndlnr*  Mrip  sf  filBu  Id  the 
M*w-plpe  Mmc — FoT  some  years  past  I  have  been  in  the  habit  of 
bending  a  long  strip  of  glass  in  the  blow-pipe  flame,  and  cementing 
the  extremities  together  in  a  similar  manner  whenever  a  cell  of  about 
half  an  inch  in  depth  is  wanted.  The  ordinary  plate  glass  is  very 
liable  to  crack  as  it  becomes  cool,  but  if  flailed  flint  glass  be 
employed  the  operation  is  simple  enough.  This  glass,  as  well  as  the 
deep  glass  cells  above  referred  to,  may  be  obtained  at  Messrs. 
Powell's  glass  works.  Whilefriars.  This  cell  has  the  disadvantage 
of  not  being  perfectly  clear.  If  flint  glass  could  be  flatted,  ground, 
and  polished  like  plate,  it  would  be  of  much  value  to  those  who 
mount  large  objects  in  deep  glass  cells,  pi.  XVIII,  fig.  1 10. 

U«^  HoaiiiFd  6ia«<  CHli. — Of  late  years  moulded  glass  cells 
have  been  much  employed  for  anatomical  preparations,  and  the 
absence  of  joints  renders  them  preferable  to  built  glass  cells.  Large 
moulded  cells  are  now  made  in  Germany,  the  sides  of  which  have 
been  ground  ajid  polished,  and  thus  a  preparation  can  be  seen  within, 
almost  as  clearly  as  if  (he  sides  were  composed  of  plate  glass.  These 
cells  can  be  obtained  for  a  much  lower  price  than  the  built  ceils,  and 
are,  of  course,  not  so  liable  lo  leak.  ITiey  may  be  purchased  at  the 
glass  works,  Whitefriars. 

isi.  Oatta  rerch«  and  EiMiilte  CelU.— Gutta  percha  may  be 
moulded  in  a  wooden  case,  and  forms  excellent  cells  where  trans- 
parent sides  are  not  required.  I  have  several  preparations  which 
have  been  preserved  for  many  years  in  large  cells  of  this  description. 
Gutta  percha  is  most  useful  for  joining  glass  tubes  to  flat  cells  as  may 
be  required  in  forming  cells  for  special  purposes,  pi.  XVIII,  fig.  106. 

Ebonite  Cflh. — Excellent  cells  may  be  made  out  of  the  pre- 
paration of  India  rubber  known  as  vulcanite  or  ebonite.  They  may 
be  turned  to  any  size  and  thickness  required.  Dr.  Maddo\  used  such 
cells  in  1861.    Mr.  W.  H.  Hall  also  strongly  recommends  these  cells. 
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They  may  be  purchased  of  Mr.  Bailey,  of  Fenchurch  Street,  at  &/, 
a-do^en. 

isx.  Konnd  ccUr.— My  fnend  and  colleague,  Dr.  Guy.  has  latetjr 
proposed  a  form  of  cell  which  possesses  many  advantages  over  th< 

in  common  use.  These  are  circular,  and  may  be  made  of  boi 
metal,  gutla  percha,  or  glass,  of  various  depths,  and  to 
parent  and  opaque  abjecis.  Several  forms  have  been  made.  They' 
are  all  of  the  same  external  diameter,  and  are  made  to  fit  into  a  rim 
of  equal  size  in  a  flat  plate  of  wood,  or  metal,  which  can  be  placed 
in  the  field  of  the  microscope.  A  small  cabinet  will  contain  many 
more  preparations  mounted  in  this  manner  than  on  the  ordinary 
slips  of  glass.  Dr.  Guy  has  had  some  circular  labels  printed  for 
these  cells  upon  which  the  names  of  the  preparations  may  be  written, 
and  as  these  are  of  different  colours  the  various  microscopic  objects 
can  be  readily  classified.  I 

iss.  TrouBhB  for  BuuniDinR  xoophrt^i.—'These  are  deep  imt* 
very  narrow  glass  cells,  the  two  surfaces  consisting  of  very  thin  glass, 
so  that  the  higher  powers  may  be  brought  sufficiently  close  to  the 
objects.  The  opening  is  above,  so  that  the  cell  with  living  animals 
within  may  be  placed  upon  the  stage  of  the  microscope,  when  the 
instturaent  is  inclined,  without  any  fluid  escaping.  It  is  convenii 
to  have  a  glass  partition  in  these  troughs,  by  means  of  which  objects' 
may  be  placed  in  different  parts  of  the  cell.  A  convenient  size 
three  inches  long,  an  inch  and  a  half  deep,  and  a  quarter  of  an  incb^| 
in  width. 

154.  AnlnuUcme  Cmitr. — Another  very  convenient  form  of  <;ell  i»j 
the  one  called  animalcule  cage,  pi.  VII,  fig.28,  p!.  XVin,  fig.  1 

By  means  of  its  sliding  cover  a  stratum  of  fluid  of  any  requi 
thickness  can  be  obtained,  and  small  living  animals  can  be  con-.; 
veniently   fixed    in  positions    suitable    for    observation.      For 
examination   of  deposits   in   fluids   this   form   of  cell    is   also 
convenient 

155.  Crairlnic  Ceiu. — In  many  investigations  upon  the  lower  formal 
of  vegetables  and  animals  which  live  in  water,  it  is  necessary  to  watch 
the  same  specimen  for  a  considerable  time.  Some  plan  must  there- 
fore be  adopted  by  which  the  living  object  ran  he  freely  supplied 
with  fresh  water  and  air.  Numerous  forms  of  grini'ing  cells  have  been 
proposed,  but  I  shall  only  refer  to  two  or  three  which  seem  to  me  to 
be  most  advantageous.  The  following  brief  description  of  an  im- 
proved growing- trough  by  its  ingenious  deviser,  Prof.  Smith,  of  Kenyon 
Coliege,  United  States,  is  taken  fi-om  Silliman's  American  Journal 
of  Science,  September,  1865,  also  Mag.  Nat.  Hist,  vol.  XVI,  1S65. 
The  whole  slide  is  a  trifle  more  than  one-eighth  of  an  inch  in  thick-j 
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,  It  consists  of  two  rectangular  glass  plates  3  X  2  in  and  about  -^ 
of  an  inch  thick,  separated  by  thin  strips  of  glass  of  the  same  thickness, 
cemented  to  the  interior  opposed  faces.  The  upper  plate  has  a  small 
hole  drilled  through  it     One  comer  of  the  upper  glass  is  removed, 

tand  a  smalt  strip  of  glass,  which  is  cemented  to  it  in  the  proper  place, 
prevents  the  thin  glass  cover  placed  over  the  edge  from  sliding  off. 
To  use  ihe  slide,  fill  the  space  between  the  two  plaies  wilh  ck-an 
water  introduced  by  means  of  a  pipette,  and  also  place  a  drop  in  the 
fcolc  to  remove  the  air.  The  object  being  pul  on  the  top  of  the  slide, 
and  wetted,  is  now  to  be  covered  with  a  large  square  of  thin  glass,  at 
the  same  time  covering  the  hole.  The  slide  can  now  be  placed 
upright,  or  in  any  position,  as  no  water  can  escape,  It  is,  in  fact, 
only  a  new  application  of  the  old  principle  of  the  bird-fountain.  As 
the  water  evaporates  from  under  the  cover,  more  is  supplied  through 
Ihe  hole,  and  from  time  to  time  an  air  bubble  enters.  Thus  a  con- 
stant circulation  is  maintained. 

»Mr.  Richard  Beck  has  made  one  or  two  alterations  in  the  growing 
iCell  of  Professor  Smith  (Quarterly  Journal  of  Microscopical  Science, 
April,  1856),  The  annoyance  caused  by  the  water  line  obscuring  the 
view,  as  sometimes  happens  in  Professor  Smith's  growing  cell,  has 
been  entirely  obviated,  and  one  or  two  other  improvements  have  been 
effected. 

Dr.  John  Barker,   of  Dublin,  has  contrived  a  very  convenient, 
efficient,  and  cheap  growing  stage,  which  has  the  advantage  of  allow- 
ing the  use  of  the  ordinary  glass  slides.     A  full  descriprion  of  this 
will  be  found  in  the  Quarterly  Journal  of    Microscopical  Science, 
January,  1 867.    Any  one  can  make  this  growing  stage  for  himself  with 
very  little  trouble.    A  segment  of  a  largish  circle  is  cut  in  a  plate  of 
I        stout  glass  to  form  the  stage.     To  one  end  of  this  is  attached  by 
I^Vmeans  of  marine  glue,  a  small   flat  glass  bottle  in  which  two  little 
^Hliole^    have    been    drilled.       These   bottles   may  be    obtained    of 
Mr.   Baker,  of  Holbom.     When  water  is  put  into  the  bottle,  it  is 
conveyed  from  one  of  these  holes  to  the  thin  glass  cover  under  which 
the  object  is  to  be  kept  moist,  by  means  of  a  narrow  strip  of  talc 
which  acts  as  a  conductor  for  it.     By  this  arrangement,  any  object 
under  observation  may  be  kept  moist  for  the   space  of  a  Week,  it 
desirable.     Dr.  Barker's  growing  slide  is  represented  in  pi.  XVIII, 


For  some  time  past  I  have  been  in  the  habit  of  employing  an 
arrangement  which  is  simpler  than  either  of  those  above  referred  to, 
and,  in  my  hands  at  least,  it  has  proved  very  efficient  A  small  piece 
of  glass  tube  is  fixed  with  the  aid  of  marine  glue  to  one  end  of  an 
ordinary  glass  slide  a,  fig.  iii",pL  XVIII.  This  is  the  reservoir  for  the 
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supply  of  water.  It  is  covered  with  a  piece  of  thin  glass,  but  a  small 
opening  is  left  at  one  side  sufficient  to  allow  a  fine  thread  of  silk 
or  cotton  to  conduct  the  water  from  the  reservoir  to  the  specimen 
placed  in  the  centre  of  the  slide.  The  stratum  of  fluid  containing  the 
living  bodies  can  be  obtained  of  the  required  thickness  by  placing 
hair  or  pieces  of  fine  glass  rod  between  the  thin  glass  and  the 
slide.  In  some  cases  it  is  necessary  to  apply  warmth,  and  keep  the 
bodies  under  examination  at  a  certain  temperature  for  a  considerable 
time.  The  method  of  wanning  the  slide  is  described  in  another  part 
of  this  volume. 
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;  AND  PRESERVING  OBJECTS  FOR  THE  MtCROSCOPE — 
SEPARATING  DEPOSITS  PROM  FLUIDS OF  INJECTING OF  DE- 
MONSTRATING THE  STRUCTURE  OF  THE  FULLY  FORMED  TISSUES 
OF  MAN,  THE  HIGHER  AND  LOWER  ANIMALS,  AND  PLANTS— OF 
EXAMINING   HINEKALS   AND   FOSSILS. 


■ 
t 
I 


OF    THE    IMPORTANCE    OF    EXAMINING    THE    SAME    OBJECTS    IN 
DIFFERENT  MEDIA — AIR,   WATER,   AND   CANADA  BALSAU. 

Many  objects  require  to  be  studied  in  different  ways  before  an 
accurate  idea  of  their  general  stnicmre  can  be  formed.  It  is  in  many 
instances  of  the  utmost  importance  to  examine  an  object  by  refluted 
light  as  well  as  by  transmitted  light,  and  to  observe  the  peculiarities 

'  of  structure  when  it  is  surrounded  with  air,  or  immersed  in  wgler,  or 

'  in  a  highly  refracting  fluid,  such  ^glycerine,  oil, turpentine,  or  Canada 
balsam.  Not  less  valuable  is  the  information  we  derive  from  the 
application  of  certain  ehemieal  reagents  (part  III).  The  method  of 
investigation  must  varj-  according  to  the  degree  of  transparency  or 
epacity,   density,    refractive  potver,  and   chemical  eomposition   of  the 

I   Bjiecimen.     The  object  must  also  be  examined  first  with  the  aid  of 

K  low,  and  afier^vards  with  high  magnifying  powers. 

I30.   Appraranre  of  the  Same  Object  cxamlDcd  In  Air,  Water,  and 

Canailn  Balnnni.  bf  Tramtmlttcd  LlKlit,  and  nndrr  the   Inflnence  oT 

npnrctcii  URiit  aiid  polarised   Llicht. — In  pi.  XIX  specimens  of  the 

e  strucUire  (spherical  crystals  of  carbonate  of  lime  and  octahedra 

of  oxalate  of  lime)  magnified  in  the  same  degree,  are  represented. 

In  Air. — In  fig.  113  crystals  of  carbonate  of  lime,  and  in  fig,  119 
octahedra  of  oxalate  of  lime  are  shown  by  transmitted  light  in  air 
mounted  in  the  dry  way,  and  it  will  be  noticed  how  very  dark  and 
thick  the  outer  part  appears,  and  how  impossible  it  is  to  make  out 

I  the  structure  of  the  former  crystals. 
In  Water. — In  figs.  ii4,and  izo  the  same  crystals  are  seen  in 
water.  The  outer  part  of  the  crystals  of  carbonate  of  lime  is  still 
very  dark  and  thick,  but  a  few  lines  may  be  observed  radiating  from 
the  centre  of  the  crystals  towards  their  circumference,  although  not 
very  distinctly. 


;o 


HOW    TO    WORK 


In  Catiada  Bu/sam. — In  figs.  1 1 5  and  in  the  crj-slals  are  showaB 
immersed  in  C^ada  baJsam.     ITie  outline  row  appears  as  a  sharp  J 
well-defined  line     In  ihe  case  of  the  carbonale  of  lime  a  number  of  J 
narrow  lines  are  seen  radiating  from  the  centre  of  each  ciystal  t 
wards   its  circumference;   in    fact   the  crystal  really  consists  of  ■ 
congeries  of  minute  acicular  crystals. 

By  Rtfttded  Light. ~\n  figs.  116  and  118  the  crystals  are  repr 
setited   as  they  appear   when    examined   by  reflected  lighL      The^ 
globular  form,  and  yellowish  colour  of  the  carbonate  of  lime,  are 
distinctly  seen,  and  the  surfaces  of  the  crystals  generally  seem  slightly  t 
rough,  some  appearing  to  be  covered  by  minute  elevations. 

By  Polarised  Light. — In  fig.  it;  another  preparation  of  the  crystals 
of  carbonale  of  lime  is  seen  under  the  influence  of  polarised  light 
Each  crystal  exhibits  a  black  cross  which  alters  its  position  and  J 
appearance  as  the  ajtalyser,  p.  18,  is  rotated. 

The  above  important  points  might  be  illustrated  by  a  vast  numb« 
of  other  substances.  I  cannot  too  strongly  advise  the  observer  to 
subject  various  microscopical  structures  to  enamination  in  air,  water, 
and  Canada  balsam,  and  by  direct  or  rejected,  as  well  as  under  the 
influence  oi  transmitted  light,  and  in  some  cases  hy  polarised  light. 

1ST.  Of  Air  Bubble*.  Oil  Globules,  uid  Globnles  of  CTT«taUlBe  | 
Hatter.- — It  is  of  the  utmost  importance  that  the  observer  shot 
make  himself  familiar  with  the  appearance  of  air  bubbles  and 
globules  as  soon  as  possible,  for  he  will  often  meet  with  them,  and  iffl 
not  acquainted  with  their  characters  he  may  make  the  most  ridiculouB'l 
mistakes  in  describing  specimens. 

Air  Bubbles  in  water  have  a  very   wide  dark   outline  :  indeed,  I 
small  air  bubbles  appear  like  round  black  spots.     This  appearance 
very   characteristic,    and    everj'  observer    ought   to   be   thoroughly  1 
familiar  with   it     Air  bubbles  of  various  sizes  are  represented   i 
pi.  XIX,  fig.  111. 

Oii  Globules  also  present  a  peculiar  and  well-known  appearanc&i^ 
The  oulhne  is  sharp,  and  dark,  and  wcil  defined,  but  not  nearly  so  wide  ■ 
as  that  of  the  air  bubble,  because  the  difference  of  the  refractive  power  1 
between  the  oil  and  the  fluid,  although  very  great,  is  much  less  than  f 
that  which  exists  between  the  air  and  the  fluid  medium  whir 
tains  it  Every  one  should  compare  carefully  air  bubbles  with  oil 
globules  under  (he  microscope.  Oil  globules  within  cells,  and  free  J 
oil  globules  of  various  sizes,  as  seen  in  milk,  are  represented  in  J 
pi.  XIX,  figs.  123 — 126,  Every  observer  should  be  familiar  with  the  J 
microscopical  appearance  of  oil  globules  of  different  kinds, 
lain  kinds  of  (atty  matter  contain  much  crystalline  fat,  as  stearinaj 
or   margarin,  which  is    not    a  pure  substance.     These  crystallisel 
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^^*  spoctaneously  fiora  (lie  more  oily  fatty  matters.  By  the  action  of  acitis 
and  other  agents  many  fats  are  decomposed  anil  the  crystalline 
fatty  acids  are  set  free.  Many  slightly  soluble  earthy  salts  crystal- 
lise under  certain  circumstances,  especially  in  mucus  and  viscous 
fluids  in  the  form  oigio/iuks  or  spherules,  which  often  closely  resemble 
oil  globules,  from  which  they  may  be  distinguished  by  their  hardness 

I  and  chemical  characters.  See  pi.  XIX,  fig.  j  14. 
1S8.  rer  Btslnncra  only.  Hofr  lo  ExamlDe  an  Ol^eet  In  the 
|Ucro«c»iw.^Any  one  who  purchases  a  microscope  probably  endea- 
irours  to  look  at  some  object  through  it  as  soon  as  it  comes  home, 
pnd  of  those  who  make  such  an  attempt  many  fail  completely, 
pecause  they  are  not  acquainted  svith  the  principles  enunciated  in 
the  preceding  pages.  The  observer  should  go  through  the  tables 
at  the  end  of  the  volume ;  but  if  too  impatient  and  eager  for  action, 
he  may  proceed  lo  work  at  once  as  follows  ; — 

I.  Plare  the  microscope  in  die  position  represented  in  fig.  43, 
pi.  X,  the  eye-piece  and  the  low  object-glass  {the  inch)  being 
adapted  to  the  microscope.  Turn  the  mirror  out  of  the  way  and 
permit  the  dark  part  of  the  diaphragm  to  occupy  the  fiekl,  ot  place 
a  piece  of  black  paper  beneath  the  aperture. 

a.  Take  a  dry  bread  crumb,  about  the  size  of  a  small  pin's  head, 
place  it  on  a  glass  slide,  and  the  slide  upon  the  stage  of  the 
microscope. 

3.  Place  an  ordinary  wax  candle,  or  French,  or  other  lamp  in 
such  a  position  thai  the  upper  surface  of  the  crumb  of  bread  may  be 
lighted  up,  or  use  the  bull's-eye  condenser,  so  that  a  strong  light  is 
condensed  upon  the  object,  as  in  fig.  43.  ' 

4,  Screw  doira    the   body  of  the  microscope  until  the  object 

►comes  into  focus  and  is  seen  distinctly. 
The  crumb  of  bread  is  examined  as  an  opaque  object  by  refected 
hght,  and  peculiarities  of  its  surface  are  alone  made  out. 
5,  Alter  the  position  of  the  lamp,  if  necessary,  and  so  arrange  the 
raitror  that  the  light  may  be  reflected  from  it,  and  caused  to  pass 
through  the  object  (tran.^mitted  light),  fig,  4a,  pi.   X.     Prevent  the 

» light  from  illuminatiug  the  surface  as  before.  The  object  seems  very 
idark  and  little  that  is  defmite  can  be  discovered. 
6.  Break  the  crumb  up  into  several  smaller  pieces.  This  may  be 
easily  effected  with  the  aid'  of  a  penknife.  Most  of  the  panicles 
appear  angular.  They  seem  dark  because  they  are  too  thick  for 
the  light  to  pass  through  them,  but  here  and  there  one  appears  more 
^^jjT  less  IransparenL 

^^^b    7.  One  of  the  transparent  pieces  being  in  the  field,  remove  the 
^^Huh  power  and  screw  on  the  quaHer  of  an  inch  object-glass,  and 
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examine  the  cramb.     Still  the  appearance  In  not  verj-  derinlte 
sarisfactory,  and  lillle  information  is  gained  with  regard  to  the 
ture  of  the  crumb  or  of  the  nature  of  its  component  particles. 

8.  Next  screw  up  the  body  of  the  microscope,  and  remove  the'' 
slide  from  the  stage.  Carry  a  drop  of  waler  on  the  tip  of  one  finger, 
and  cause  the  minute  crumbs  of  bread  to  be  wetted  without  their 
position  being  much  altered,  and  carefully  apply  one  of  the  pieces  of 
thin  covering  glass,  p.  47,  after  breathing  upon  the  surface  which  is 
to  come  into  contact  with  the  fluid.  The  thin  glass  may  be  held  in 
forceps  or  between  the  finger  and  thumb,  and  allowed  to  fall  upon 
the  wet  crumbs  very  gradually  by  using  a  needle  or  a  knife,  as  repre- 
sented in  pi.  XX 11,  fig.  141.  Remove  the  superfluous  moisture  by 
the  aid  of  the  handkerchief,  or  with  a  piece  of  blotting  paper,  so  that 
no  water  will  drop  from  the  slide  when  it  is  placed  upon  the  inclim 
stage  of  the  microscope. 

9,  When  the  crumbs  Tiave  soaked  for  a  few  seconds,  give 
thin  glass  two  or  three  smart  taps  so  as  to  crush  them  a  little 
make  them  spread  out. 

le.  Bring  (he  object  as  near  the  centre  of  the  field  as  possibly' 
and  screw  doivn  the  body  of  the  instmmeni  until  the  object 
into  focus.     Many  new  facts  are  now  leamL 

a.  A  number  of  small,  oval,  circular,  angular  and  perfectly 
parent  particles  are  seen  for  the  first  time. 

A.  The  dark  indefinite  appearance  before  observed  is  no  longer 

c.  Each  transparent  particle  has  a  sharp  and  dark  outline.  S01 
are  cracked,  others  exhibit  irregularilies  of  surface,  vi 
an  indication  of  concentric  lines  may  be  obser\'ed.  These  bodi« 
are  starch  granules  or  corpuscles  of  various  siies,  modified  by  the 
heal  of  the  oven.  They  appear  clear  and  trans|iarenl  now  they  are 
examined  in  water,  instead  of  black  and  opaque  as  «hen  they  were 
examined  before  in  air,  because  the  refractive  power  of  the  water 
approaches  more  closely  to  that  of  the  starch  granule  than  the  air. 

d.  Probably  some  black  spherical  bodies  or  very  wide  and  dark 
circular  rings  will  be  observed  here  and  there.  These  are  air 
bubbles,  pi.  XIX,  fig.  m. 

1 1.  Examine  the  thinnest  possible  shaving  of  deal  wood  or  of  a 
cedar  pencil,  and  of  mahogany  or  oak,  a  fragment  of  blotting  paper, 
a  piece  of  cotton  and  linen  scraped  as  fine  as  possible,  a  small  pinch 
of  flour,  ordinary  starch,  common  pepper,  cayenne  pepper,  powdered 
mustan!,  in  the  same  way  as  the  bread  criimbs,  taking  care  lo  allow 
them  to  soak  In  a  drop  of  water  for  an  hour  or  more,  so  that  they 
may  be  perfectly  wetted. 
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I  a.  Sul.ijecl  pieces  of  moist  tea  leaves,  veiy  thin  sections  of 
potato  and  the  peel  of  the  potato,  the  skin  or  interior  of  an  orange, 
lemon  or  other  fruit,  a  piece  of  rhubarb,  cabbage,  or  other  vegetable, 
taking  care  that  in  all  cases  the  pieces  are  small  enough.     They  can 

I  easily  be  subdivided  with  a  sharp  penknife. 

[  I  strongly  recommend  the  beginner  to  examine  various  specimens 
of  jam  and  preserved  fruits.  As  these  vegetable  tissues  have  long 
soaked  in  syrup,  they  have  become  exceedingly  transparent,  and  are 
admirably  fitted  fw  microscopical  demonstration.  The  spiral  vessels, 
woody,  and  cellular  tissues,  can  be  obtained  without  any  trouble,  and 
the  minute  structure  of  the  different  vegetable  tissues  can  be  most 

I  clearly  demonstrated. 

The  thinnest  possible  sections  can  be  cut  with  a  sharp  thin  knife, 
p.  4S,  from  the  firmest  of  these  preserved  fruits.  The  specimen 
may  be  placed  in  a  little  syrup  for  examination. 

The   action  of  syrup  and  glycerine  will  be  more  fully  discussed 

I  in  part  V. 

1S9.  Fr«c»otloBB  to  b«  obMiTcil  In  worhlns.— And  now  I  must 

'  give  a  few  words  of  advice  to  the  young  observer  not  to  work  too 
long  at  a  time  or  with  high  powers,  or  to  have  the  object  illuminated 
more  intensely  than  is  necessary  to  enable  him  to  see  it  clearly.  To 
avoid  strain,  the  habit  of  keeping  both  eyes  open  during  observation 
should  be  acquired  as  soon  as  possible,  and  the  observer  should 
observe  sometimes  with  one  eye  and  sometimes  with  the  other. 
Although  the  eye  improves  very  much  by  practice,  it  may  be  seriously 
damaged  by  straining  it  injudiciously.  At  first  the  observer  should 
work  for  half  an  hour  only  at  a  stretch,  and  if  he  finds  that  he  is 
not  fatigued  and  external  objects  are  seen  quite  distinctly,  as  to 
form  and  colour,  immediately  the  eye  is  removed  from  the  micro- 
scope, the  period  of  observation  may  be  gradually  increased  until  it 
reaches  two  or  three  hours  a-day,  but  I  think  it  unwise  to  work  unin- 
terruptedly for  a  longer  time,  and  it  is  a  good  plan  not  to  work 
regularly  every  day,  at  least  for  the  first  year  or  two.  With  care 
an  eye  which  was  at  first  weak  may  be  inured  lo  prolonged  exertion 
and  employed  for  the  greater  part  of  life  without  damage. 

I  It  is  remarkable  how  little  some  persons  suffer  from  microscopic 
or  telescopic  observation,  but  it  is  quite  certain  that  many  cannot 
work  for  long  without  great  risk  of  seriously  injuring  their  sight. 
No  general  rules,  therefore,  can  be  given  which  should  apply  lo  all. 
Z  have  myself  often  worked  with  very  high  powers  and  with  a  very 
brightly  illuminated  field,  straining  the  eye  to  the  utmost  in  the  hope 
of  seeing  more  than  was  at  first  observable,  and  have  kept  this  up 
for  some  hours  at  a  time,  so  far,  I  am  happy  to  say,  without  any 
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appreciable  impairment  of  sight,  but  I  woulJ  not  recommend  any 
one  to  subject  himself  to  the  same  risk  unless  he  passed  through  the 
same  gradual  process,  using  first  only  low  powers,  moderate  light, 
and  working  only  for  a  short  time,  slowly  increasing  the  magnifying 
{jower,  the  illumination,  and  the  period  of  study  as  he  felt  he  was 
able  to  stand  it  ' 

I4a.  fileueral  CoiulderMletu  with  reference  l«  tbc  Natare  »f  tkfl 
Medium  In  whicb  Tlasuea  ihould  be  plneed  foi*  ExamlnBtion. — If  the 
structure  be  dry  and  very  thin,  or  if  it  is  required  only  to  make  out 
any  general  points  with  reference  to  its  oudine,  or  the  character  of 
its  surface,  it  may  be  examined  in  air.     So  also  many  structures  sub-  . 
jeeted  lo  examination  by  low  powers,  and  by  reflected  light,  exhibit  i 
the  general  arrangement  of  their  component  parts  very  satisfactorily  1 
when  mounted  perfectly  dry. 

If,   however,   the  texture  be  delicate  and  moist,   and  readily  J 
destroyed  by  careless  manipulation,  it  is  generally  desirable  to  examine  I 
it  in  some  aqueous  fluid  when  quite  fresh.     The  character  of  the  J 
fluid  must  differ  in  different  cases.     Water  answers  well  in  many 
instances,  but  the  microscopical  character  of  some  textures  are  com- 
pletely altered  by  water,  or  even  altogether  destroyed  by  it.     Other  | 
tissues  are  so  dark  and  opaque  that  they  are  not  well  displayed  in  ' 
water.     Soft  and  cell-like  structures  become  distended  by  it,  but  it  J 
does  not  follow  that  when  this  happens  it  depends  upon  a  "  cell,"  i 
or  bladder  closed  at  all  points,  being  distended.     It  does  not  prove  j 
that  the  cell  has  a  membranous  wall,  for  a  mass  of  jelly  may  be  made  | 
lo  swell  out  just  like  a  "cell."     If  the  jelly  be  made  with  a  dense  i 
fluid,   the  more  limpid  water    will  pass  in  and  mix  with  it      The  A 
"  cell "  thus  becomes  distended    by  this   flowing  in    or  osmosis,  I 
and   often  to  such  a  degree  that  it  is  invisible.     To  prevent  this 
result,  it  is  necessary  to  immerse  the  structure  in  some  fluid  approach- 
ing to  that  in  its  substance,  or  in  its  interior,  in  density.     A  little 
white  sugar   may   be   dissolved    in    the  water.     Saliva,  the  vii 
humour,  serum,  or  white  of  egg,  from  their  viscidity  do  not  permeate  4 
readily,  and  are  advantageous  media.     But  of  all  substances  soluble  I 
in   water,  glycerine  is  one  of  the  most  useful  to  the  microscopist  \ 
With  glycerine  he  may  obtain  a  fluid  of  any  density,  and  of  various  I 
degrees  of  refracting  power.    Moderately  strong  solutions  of  glycerine 
preserve  animal  and  vegetable  structures  for  any  length  of  rime.  Glyce- 
rine is  to  moist  tissues  what  Canada  balsam  is  to  textures  which  a 
capable  of  being  dried,  without  their  structure  being  impaired.     The  1 
most  dense,  opaque,  and  ill-defined  structures,  immersed  in  glycerine  Q 
become  clear  and  transparent;  and  anatomical  peculiarities  which 4 
were  before  indistinct,    or  not  observable,   become  demonstrable  I 
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without  difiitutty.  Anotlier  advantage  is,  llial  by  the  addition  of  a 
little  water  all  the  original  characters  of  the  tissues  are  restored. 

Further  observations  upon  rendering  tissues  which  are  more  or 
less  opaque,  transparent,  will  be  found  in  part  III. 

141.  or  ExamlainB  Mid  PrcMrrlns  SperimcnH  In  ihe  Dry  War. — 
Any  specimen  examined,  or  preserved  permanently,  as  a  dry  object 
in  air,  must  be  protected  from  dust  by  being  covered  with  thin  glass, 
uid  the  pressure  of  the  latter  upon  the  specimen  must  be  prevented 
ty  the  interposition  of  small  pieces  of  cardboard  at  the  edges  of  tlie 
thin  glass,  slightly  thicker  than  the  specimen  itself.  Objects  may  be 
mounted  in  the  dry  way  in  many  of  the  cells  described  in  §§  114 — 131  ; 
but  a  simple  cell  made  of  wood  or  cardboard  is  sufRcieni  for  all  prac- 
tical pur|>oses.  The  round  vulcanised  India-nibber  rings  cemented 
to  the  glass  slides  make  capital  celts  for  mounting  such  preparations. 

The  thin  glass  cover  must  be  attached  by  a  little  very  thick  gum 
or  by  a  paste  made  of  gum  and  flour  or  chalk. 

Among  unorganised  substances,  there  are  many  objects  which 
may  be  mounted  or  preserved  with  advantage  in  air.  Many  crystal- 
line bodies  found  native,  and  some  crystals  derived  from  the  organic 
and  inorganic  kingdoms  artificially  prepared,  may  be  examined  or 
^preserved  permanently  in  air.  Many  of  these  present  very  beautiful, 
ipearances.  Arsenious  acid,  common  salt,  benzoic  acid,  uric  acid, 
'stals  of  the  vegetable  alkaloids,  such  as  salicine  and  many  crystal- 
[(fine  salts,  bone,  teeth,  hair,  horn,  the  scales  of  butterflies  and  other 
insects,  are  examples  of  structures  which  may  be  examined  in 
air  and  raounled  dry.  The  general  structure  of  many  vegetable 
preparations  may  be  shown  in  this  simple  manner.  The  petals  of 
many  flowers,  different  forms  of  vegetable  cellular  and  vascular 
tissue,  the  epidermis,  hairs,  and  other  parts  of  plants,  the  seeds  and 
seed  vessels,  spiral  fibres,  the  stones  of  fruits,  sections  of  wood,  of 
fte  pith  from  the  stem  of  various  plants,  pollen,  ihe  spores  of  ferns, 
mosses,  and  fungi,  are  examples  of  vegetable  preparations  which  may 
be  examined  and  preserved  in  air. 

Thick  objects  preserved  in  the  dry  way  are  examined  by  reflected 
light  only,  but  very  thin  dry  tissues,  like  the  epidermis  from  different 
parts  of  plants,  may  be  examined  by  reflected  or  by  transmitted  light 

141.  Bxamlaatlon  of  aubntancFM  In  nuim.— In  choosing  a  fluid  in 

which  the  specimen  is  lo  be  immersed,  its  chemical  composition,  its 

inspareney  and  its  refractive  power  must  be  considered.     The  dif- 

rnt  preservative  solutions  described  in  pp.  53 — 59,  may  be  used  for 

lepreservationofavariety  of  objects  in  fluid.     If  we  wish  for  a  fluid 

lely  resembling  water,  but  possessing  the  property  of  preserving  the 
we  may  use  the  solution  of  naphtha  and  ereosole,  5  loz,  or 
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tttiphiha  and  water,  or  carbolic  acid  and  water.  If  we  require  a  fluid 
of  higher  specific  gravity,  some  of  the  saline  solutions,  diluted  with 
a  proper  quantity  of  water,  may  be  used.  If  we  wish  for  a  solution 
which  refracts  highly,  we  may  employ  glycerine,  or  a  mixture  of 
glycerine  and  gelatine  ;  while,  if  we  require  a  fluid  which  has  the  pro- 
perty of  hardening  the  structure,  we  may  immerse  it  in  a  solution  of 
ckromUa^id,  bUhromale  of  potash,  corrosive  sublimate,  or  diluted  alcohol. 

In  ail  cases  the  substance  should  be  immersed  for  some  time  in  the 
fluid,  in  which  it  is  to  be  preserved,  before  being  mounted  permanently. 
The  cell  made  of  Bruns7vick  black  or  the  thin  glass  cell,  or  other  forms 
described  in  §§  116 — 131,  may  be  chosen  according  to  the  dimensions 
of  the  specimen.  The  object  and  fluid  being  placed  in  the  cell,  the 
thin  glass  cover  is  applied,  with  the  precautions  to  which  I  shall 
presently  advert  The  superfluous  fluid  is  removed  with  a  piece  of 
blotting  paper,  or  a  soft  cloth,  and  after  the  edges  have  been  allowed 
to  dry  a  little,  they  are  anointed  with  a  thin  layer  of  Brunswick 
black. 

Almost  every  organised  structure,  and  especially  the  sofl  moist 
tissues  of  the  bodies  of  animals,  may  be  advantageously  preserved  in . 
fluid.  It  has  been  said  thai  the  solution  employed  in  preserving  a 
structure  should  resemble  as  nearly  as  possible  in  density  and  refrao 
tive  power,  the  fluid  which  bathed  it  during  life,  but  it  is  a  fact  that 
many  even  exceedingly  delicate  structures  may  be  examined  in  fluids 
of  high  density,  as  sjTup  or  glycerine,  and  peculiarities  may  be  made 
out  which  are  not  to  be  demonstrated  when  they  are  examined  in 
water  or  serum. 

14S.  exaiDltiatlvn  In  ransdH  BalMun,  Tnrprntlnr,  and  Oil. — The 
well-known  Canada  balsam  has  long  been  a  favourite  medium  for  the 
preservation  of  microscopical  sfiecimens,  on  account  of  its  pene- 
trating and  highly  refracting  powers.  Turpentine  possesses  very 
similar  properties,  but  from  being  a  limpid  fluid,  it  is  far  less  useful 
than  Canada  balsam.  All  preparations  to  be  mounted  in  Canada 
balsam  must  be  thoroughly  dried  first.  The  desiccation  must  be 
effected  by  a  temperature  of  not  more  than  from  100  to  200  degrees. 
For  the  purpose  of  drying  tissues,  we  may  employ  the  water-bath 
alluded  to  in  §  73,  or  we  may  place  the  specimen  under  a  bell-jar  close 
to  a  basin  of  .strong  sulphuric  acid  or  chloride  of  calcium,  which  sub- 
stances have  the  power  of  absorbing  moisture  in  an  eminent  degree, 
pi.  XX,  fig.  131.  Many  textures  in  process  of  drying  include  a 
number  of  air  bubbles  in  their  interstices,  and  it  is  often  very  difficult 
to  remove  these.  To  eflfect  this  object,  the  preparation  may  be 
allowed  to  soak  some  time  in  turpentine,  and  the  removal  of  the 
is  often  much  facilitated  by  the  application  of  a  gentle  heat.     If  th9' 
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annot  be  removed  in  this  manner,  the  preparation  immersed  in 

Wqientine,  may  be  placed  under  the  receiver  of  an  air  pump.     As 

the  pressure   is  removed  the  air  rises  lo  the  surface  and  die  fluid 

rushes  in   to  supply  its  place.     A  convenient  and  simple  form  of  air 

I  pump  is  represented  in  pi.  XX,  fig.  119. 

I  When  the  specimen  has  been  thoroughly  dried,  and  the  air 
removed,  it  may  be  slightly  moistened  with  turpentine  before  it  is 
placed  in  the  balsam. 

In  mounting  a  thin  section  of  bone  or  other  hard  dry  texture  in 

Canada  balsam,  the  following  steps  are  taken  ;  the  glass  slide  having 

been  warmed  upon  the  brass  plate,    a  small  quantity  of   Canada 

balsam  is  removed  upon  the  end  of  a  piece  of  iron  wire.     By  gently 

warming  it,  it  becomes  perfectly  fluid,  and  may  be  allowed  to  drop 

L  in  its  proper  place  upon  the  glass  slide.     Or  the  metal  pot  contain- 

I  ing  the  Canada  balsam  may  itself  be  warmed,  and  a  drop  of  the 

r  fluid  balsam  placed  upon  the  slide.     The  preparation  is  now  taken 

with  a  needle  and  placed  in  the  drop  of  baUam,  so  that  it  may  be 

thoroughly  wetted  by  it   in   every  part,   or  a  solution  of  Canada 

balsam  in  chloroform  may  be  dropped   upon  the  specimen,  §  95. 

A  few  air-bubbles  may  perhaps  collect   upon    the    surface   of  the 

I  balsam,  and  by  moving  the  slide  from  side  to  side,  with  a  slight 

I  rotatory  movement  while  the  balsam  is  quite  8uid,  the  bubbles  may 

[  be  seen  to  collect  in  one  spot  upon  the  surface.     They  may  be  made 

3  burst  by  the  application  of  a  warm  needle,  or  completely  removed 

\  by  touching  them  with  a  cold  wire  lo  which  the  balsam  including 

I  them  will  adhere.     All  bubbles  having  been  removed,  the  ihin  glass, 

I  which  has  been  perfectly  cleaned  and  slightly  wanned  on  the  brass 

L  plate,  is  taken  in  a  pair  of  forceps, — and  gently  allowing  one  side  of 

1  it  to  come  in  contact  with  the  balsam, — is  permitted  lo  fall  very 

I  slowly   upon   the  specimen,   in    such  a  manner  that  the  balsam 

I  gradually  wets  the  thin  glass,  without  including  air-bubbles.     It  is 

I  ihen  pressed  down  slightly  with  a  needle,  and  the  slide  placed  in  a 

I  warm  place.     The  superabundant  balsam  may  be  scrajied  away,  and 

I  the  preparation  when  cold,  cleaned  with  a  little  turpentine,  and  a 

I  (oft  cloth,  or  piece  of  wash-leather. 

The  feet  and  haid  pirts  of  the  fly  and  other  insects,  and  the 
I  ova  of  small  insects  may  be  mounted  in  Canada  balsam.  The  shells 
I  and  hard  pans  of  the  covering  of  many  of  the  lower  animals,  the 
I  palates  of  various  mollusks,  such  as  the  limpet,  and  many  fresh- 
er species,  the  coriaceous  coverings  of  insects,  their  antennie, 
I  stings,  eyes,  feet,  wings,  and  scales  of  their  wings,  the  tracheie  pene- 
[  trating  every  part  of  their  organism  with  their  spiracles  or  external 
1  Openings,  and  in  some  cases  the  entire  insects  themselves,  the  scales 
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of  fishes,  sections  of  bone,  teelJi,  horn,  hoofs,  i 
of  various  kinds  of  hair,  are  examples  of  objects  derived  from  the 
animal  kingdom  which  may  be  examined  in  this  manner  and 
mounted  permanently  if  desired. 

If  the  observer  desires  merely  to  ascertain  how  a  structure  looks 
when  examined  in  a  highly  refraclive  medium  like  balsam,  he  may 
use  turpentine,  which  can  afterwards  be  dissipated  by  evaporation. 

Oil  is  an  advantageous  highly  refracting  medium  for  examining 
certain  structures  in.  The  entozoa  which  may  often  be  obtained 
from  the  oily  sebaceous  matter  squeezed  from  the  follicles  of  the  skin 
of  the  nose  or  scalp,  should  be  immersed  in  oil.  They  can  generally 
be  found  in  the  wax  from  the  ear. 

Some  tissues  may  be  made  to  present  different  appearances 
although  mounted  in  the  same  medium.  Thus  bone  exhibits  very 
different  thataclers  when  immersed  in  Canada  balsam,  according  to 
the  manner  in  which  it  is  mounted.  In  every  part  of  one  specimen, 
small  black  spots  of  irregular  shape  may  be  seen.  From  these  a 
number  of  minute  dark  lines  radiate,  and  inosculate  pretty  freely 
with  corresponding  lines  from  other  spots.  In  another  preparation 
the  entire  section  may  appear  perfectly  clear,  and  its  structure  nearly 
uniform  everywhere.  The  first  appearance  is  produced  when  a  section 
is  mounted  in  old  viscid  balsam ;  the  second  when  it  is  immersed 
in  fluid  balsam,  after  having  been  previously  wetted  with  turpentine. 

The  cause  of  these  differences  is  interesting  and  worthy  of  attentive 
study.  The  little  black  spots  {lacunse)  and  dark  lines  (canalicuii) 
were  formerly  considered  to  be  small  solid  bodies,  and  the  spots  were 
improperly  termed  done  corpHscies.  They  consist  i 
cavities  or  spaces  in  the  bony  tissue,  and  contain  a 
specimen  the  highly  refracting  oil  of  turpenlii 
canalicuii  and  into  the  lacunK  driving  out  the 
the  lubes  and  spaces  invisible.  The  lacunas  contained  in  the  fresh 
bone,  masses  of  germinal  matter  (nuclei),  but  when  the  bone  had 
become  dry,  the  moist  material  dried  up,  and  air  rushed  into  the 
lacunae  and  canalicuii  to  supply  its  place.  The  great  difference 
between  the  refracting  power  of  the  air  contained  in  these  little 
cavities,  and  the  surrounding  osseous  tissue  gives  rise  lo  their  dark 
appearance.  The  above  remarks  upon  the  structure  of  bone  apply 
only  to  tlie  dead  and  dried  tissue. 


.  truth  of  li 
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Lir,  thus  rendering 


144.  oriiKklnK  Minate  DUMctiiiiu. — Minute  dissections  are  usually 
carried  on  under  the  surface  of  fluid  with  the  aid  of  small  s 
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needles,  or  small  knives,  and  forceps.  If  the  preparation  has  been 
preserved  in  spirit  or  other  solution,  it  must  be  dissected  in  the  same 
fluid,  but  in  ordinary  cases  clear  water  may  be  used.  The  micro- 
scopist  should  be  provided  with  a  few  small  dishes,  varying  in  size, 
and  about  an  inch  or  more  in  depth.  The  large  built  cells,  pi.  XVI II, 
figs.  109,  110,  make  very  good  troughs  for  dissecting  in,  but  small 
circular  vessels  are  made  on  purpose, 

14B.  LMulcd  Corkii.^The  object  to  be  dissected  is  attached  to  a 
loaded  corli  by  small  pins,  pi.  XXI,  fig.  134.  ^Ve  may  take  a  piece 
of  flat  cork  rather  smaller  than'  the  cell,  and  then  cut  a  piece  of 
sheet  lead  somewhat  larger  than  the  cork.  The  edges  of  the  lead 
are  then  folded  over  the  cork  and  beaten  down  slightly  with  a 
hammer,  and  may  afterwards  be  filed  with  a  rough  file. 

The  object  being  fixed  upon  the  cork  and  placed  in  the  cell,  fluid 
is  poured  in  until  it  jostcovers  the  surface,  pi,  XXI,  fig.  133.  A 
strong  light  is  then  condensed  upon  it  by  means  of  a  large  bull's-eye 
condenser,  or  by  a  large  globe  full  of  water.  I  have  always  found 
that  delicate  dissections  could  be  made  with  the  greatest  facility 
without  the  aid  of  a  dissecting  microscope,  provided  a  strong  light 
was  condensed  upon  the  object  Occasional  examination  of  the 
dissection  with  a  lens  of  low  power  is  advantageous ;  but  if  a  lens 
be  employed  during  the  dissection  there  is  great  danger  of  acciden- 
tally injuring  the  specimen,  as  it  is  impossible  to  judge  of  the  distance 
which  the  needle  point  may  be  beneath  the  surface  of  the  fluid. 
Minute  branches  of  nerves  or  vessels  may  in  this  way  be  followed 
out,  and  small  pieces  of  the  different  tissues  into  which  they  can  be 
traced  may  be  removed  for  microscopical  examination  with  a  pair  of 
fine  scissars,  pi.  XV,  fig.  83.  Membranes  may  be  dissected  from  the 
s  upon  which  they  lie  in  a  similar  manner.  By  this  plan  the 
s  system  of  the  smallest  insects  can  be  readily  dissected.  The 
mode  of  proceeding  is  represented  in  fig.  133. 

14S.  TmblEtn  npon  which  Db>ii«ctlaiis  ma;  be  Finned  ant. — Many 
preparations  require  to  be  arranged  in  a  particular  position  previous 
to  being  mounted  as  permanent  objects.  Slahs  of  wax  are  usually 
employed  by  anatomists  for  this  purpose,  but  when  transparency  i.s 
required  the  dissections  may  be  attached  by  threads  to  thin  plates  of 


I  have  found  that  the  best  slabs  may  be  made  of  a  mixture  of 
B  wax  and  g"^^  percha,  in  the  proportion  of  one  pan  of  the  former  to 
k.two  of  the  latter.  The  ingredients  are  to  be  melted  in  an  iron  pot, 
■Aver  a  clear  fire,  and  well  stirred.  When  quite  fluid,  the  mass  may 
■^  poured  upon  a  flat  slab  and  allowed  to  cool.  Thin  cakes  of 
Kitbout  the  eighth  of  an  inch  in  thickness  are  thus  obtained,  and  they 
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can  easily  be  cul  with  a  knife  to  fit  the  cells  inlended  for  the  pre 
paration.  Pins  or  small  pieces  of  silver  wire  may  be  inserted  in^ 
these  slabs,  and  will  adhere  firmly  although  the  slabs  are  very  thin.  ' 

Culling  thin  Sections  of  Soft  Tissues. 

141.  or  obtaJntiiB  Thin  Sections  or  (UOfercnt  Tcxtarea  for  Mlrra- 
•cttpleal  Examlnsilon. — The  instruments  required  for  obtaining  thin 
sections  of  soft  tissues  have  been  described  in  pp.  45,  46,  See  also! 
pis.  XIV  and  XV. 

It  is  scarcely  necessary  to  observe  that  such  different  textures 
muscular  fibre  and  gland  structures,  and  other  soft  tissues,  require 
process  for  cutting  them  different  to  that  which  is  applicable  for 
cutting  thin  slices  of  such  tissues  as  hair,  horn,  bone,  or  teeth. 

Where  thin  sections  of  no  very  great  extent  of  tissue  are  required 
they  may  be  obtained  by  scissars,  p.  46.  by  the  ordinary  seal] 
P-  45t  hy  the  double-edged  knife,  or  by  Valentin's  knife.     \Vhenevi 
a  thin  section  of  a  thin  tissue  i.-i  made,  the  instrument  employed 
be  thoroughly  wetted  with  water,  and  the  section,  after  its  rem 
should  be  carefully  washed,  by  agitating  it  in  water,  or  by  directing, 
a  stream  of  water  upon    it  from  the  wash-botdi 
pi.  XXn.     This    washing  is  absolutely  necessary  to  remove  from 
the  surface  of  the  section  particles  of  debris,  which  would  render  the 
appearances    indistinct,    and    interfere  with    the    clearness   of    the 
specimen  when  it  was  subjected  to  examination  in  the  m 
The  section  may  then  be  transferred  to  the  fluid  in  which  it  is  to 
examined  or  preserved.     If  the  specimen  be  immersed  in  glycerii 
alcohol,  or  other  fluid,  the  knife  must  be  wetted  and  the  specimi 
washed  with  the  same. 

148.  CnUlns  Mectlatu  muI  buidUnff  BadltNt  nndcr  the  nicmMopai'. 
— ^With  practice  the  observer  may  carry  on 
microscope.     It  is  not  difl^cult  to  work  und( 

half  inch  it  is  possible  to  dissect  with  the  aid  of  a  fine  knife  or  very 
sharp  needles.     The  erector,  p.  4,  must  be  employed,  or  the  observer 
must  learn  to  work  although  everything  appears  reversed.     Variom* 
instruments  have  been  proposed  to  aid  the  observer  in  dissecting 
removing  specimens  which  are  highly  magnified. 

On  an  instrumenJ  Jor  making  sulions  on  the  stage  of  the 
— V.  Hensen,  who  has  made  some  beautiful  observations  on  the  organ' 
of  hearing  of  crustacea,  has  designed  an  ingenious  instrument  for 
making  thin  sections  of  tissues  while  in  the  field  of  the  microscope. 
(In  bchultie's  Archiv,  April,  1866,  vol.  II,  p,  46.) 

Under  a  power  of  fifty  diameters  an  extremely  thin  section  of  tex- 
tures of  a  certain  hardness  may  be  made  with  facility.     This 
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■^  ment,  which  1  have  not  yet  seen,  is  made  by  Beckmann,  of  Kiel,  and 
costs  seven  (haters,  or  about  a  guinea. 

Mechanical  finger, — Professor  Smith  has  made  an  instrument  which 
he  tenns  a  mechanical  finger,  of  some  value  for  some  kinds  of  micro- 
scopicai  work  (Silliman's  Journal,  No.  1 33).  By  an  amingement  of 
springs  and  levers  a  smalt  bristle  can  be  caused  lo  move  or  take  up 
any  minute  object  while  it  is  I>eing  examined  under  the  object-glass. 
An  object  may  be  selected,  raised  from  the  slide,  and  held  while  a 
clean  slide  is  placed  in  position  to  receive  it.  This  instrument  has 
been  made  by  Mr.  Baker,  of  Holtjoni.  Dr.  Maddox  has  suggested 
a  slight  modification,  which  simplifies  the  instrument  somewhat 
Although  the  mechanical  finger  may  be  of  value  in  special  investiga- 
tions, the  general  observer  will  not  require  it,  and  the  thorough 
student  will  probably  acquire  such  dexterity  in  handling  specimens 
while  they  are  in  the  field  of  the  microscope  that  he  will  not  feel 
the  want  of  any  mechanical  apparatus. 

14S.  DltsccUnB  TiMueit  under  Ibe  Mlcroscape  with  the  aid  of  tke 
Campreuarlam. — In  many  cases  the  observer  may  desire  to  dissect  an 
extremely  delicate  stnicture  under  the  microscope,  for  in  this  way  much 
information  can  often  be  acquired  with  reference  to  the  exact  relation 
existing  between  the  structural  elements  of  the  tissue.  This  object 
may  be  gained  by  means  of  a  little  instnnnent  termed  a  coinprtssorium, 
which  consists  simply  of  a  convenient  arrangemeni  by  which  pressure 
can  be  applied  to  an  object  while  under  examination,  pi.  XXI,  figs. 
13s,  136,  This  pressure  being  applied  gradually,  the  texture  becomes 
frayed  out  as  it  were,  and  particular  structures  can  often  be  teazed 
out  fi-om  a  tissue,  and  demonstrated  more  distinctly  than  by  any  other 
method. 

The  structure  of  the  compressorium  is  very  simple.  Many  dif- 
ferent forms  have  l>een  recommended,  one  of  the  simplest  consisting 
of  a  thick  brass  plate  with  a  hole  in  the  centre  to  admit  the  light 
On  one  side  of  this  is  the  fulcrum  of  a  lever,  the  short  end  of 
which  acts  upon  a  circular  ring  carrying  the  thin  glass  to  cover  the 
preparation,  while  lo  the  longer  arm  is  attached  a  screw,  which  by 
being  turned  causes  ihe  thin  glass  lo  be  pressed  tightly  upon  the 
object  placed  upon  a  piece  of  plate  glass  placed  over  the  hole  in 
the  plate  of  the  compressorium.  A  more  perfect  form  of  instrument 
has  been  ananged  by  Mr.  Highley.  It  is  represented  in  pi.  XXI, 
fig.  136. 

The  plate  glass  is  usually  fixed  in  the  hole  in  the  brass  plate,  but 
_   it  is  more  convenient  to  have  a  ledge  attached  to  one  side,  so  that 

t  ordinary  plate-glass  slide  may  rest  upon  it.    With  such  an  artange- 
nt,  the  tissue  to  be  examined  can  be  placed  as  may  be  thought 
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desirable,  upon  any  part  of  tlie  glass  before  it  i; 


fages,  in  which  it  is  possible  to  examine  the  object  upon  eithef  ■ 
side. 

The  corapressorium  has  been  arranged  by  Mr.  Ross  so  that  the 
object  may  be  placed  between  two  pieces  of  thin  glass,  and  either  side 
of  it  subjected  to  examination  under  very  high  powers.  Mr.  Beck,  I 
think,  improved  upon  the  plan  adopted  by  Mr.  Ross. 

isa.  rnttluK  iectlonii  of  TlMues  nblcta  hafc  Iwen  prcrloi 
riricd. — There  are,  however,  many  tissues  of  which  sections  cannot 
be  obtained  in  this  simple  manner.  It  is  almost  impossible  to  cut 
sections  of  soft  membranous  textures  perpendicular  to  the  surface, 
sufficiently  thin  for  examination.  In  such  cases,  we  may  pin  out  the 
texture  upon  a  board  when  perfectly  fresh,  and  expose  it  to  the 
atmosphere,  or  over  sulphuric  acid  under  a  bell  jar,  pi.  XX,  fig.  119, 
until  it  is  quite  dry.  Thin  sections  may  then  be  cut  very  easily,  and 
upon  being  moistened  with  water  they  will  resume  their  recent 
appearance.  The  very  delicate  nervous  tissue  of  the  retina  may  be 
cut  into  very  thin  sections  by  drying  the  eye  after  it  has  been  cut 
open,  and  pinned  out  flat  on  a  board.  The  vitreous  humour  is  not 
to  be  entirely  removed,  as  it  protects  the  retina  and  dries  up  with  it. 
Very  thin  sections  of  the  skin  of  various  animals,  certain  vegetable 
tissues,  and  of  many  other  textures  may  be  obtained  by  thb 
process. 

isi.  Hardvninir  the  Tluae. — Some  textures  require  dilTereat 
treatment  in  order  to  render  them  sufficiently  hard  to  enable  us  to 
cut  thin  sections.  Boiling  in  water  is  sometimes  useful  for  this  pur- 
pose. Some  tissues  may  be  hardened  by  being  soaked  in  alcohol,  or 
chromic  acid,  or  in  synip,  while  not  a  few  require  special  modes  of 
treatment,  which  are  applicable  to  them  alone.  See  part  III,  wl 
the  use  of  various  solutions  for  hardening  is  described. 


Culling  thin  Sectiom  of  Hard  Tissues. 


IBS.  Of  WkMiik  Thin  BFcttan*  of  Dir  Bone. — Far  obtaining 
sections  of  bone,  a  totally  different  process  is  requisite.  In  the  first 
place,  a  section  as  thin  as  possible  is  removed  from  the  bone  with 
the  aid  of  a  thin  sharp  saw,  pi.  XXI,  fig.  ij8.  This  may  be  made 
somewhat  thinner  by  a  file,  and  afterwards  ground  down  to  the 
required  degree  of  tenuity  upon  a  hone.  The  best  stones  for  this 
purpose  are  the  Arkansas  oil  stones  or  the  Turkey  stones  which  have 
been  ground  perfectly  flaL  The  section  may  be  kept  in  contact  with 
the  stone  by  the  pressure  of  the  thumb  or  finger,  or  with  a  piece  of 
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cork,  or  lastly,  il  may  be  rubbed  between  two  hones,  a  proceeding 
which  saves  much  time. 

It  is  lo  be  ground  down  with  the  aid  of  a  little  water,  and  when 
sufhciently  thin  it  may  be  subjected  to  examination  in  the  micro- 
scope. It  will,  however,  be  found,  that  the  beauty  of  the  tissue  is 
completely  obscured,  owing  to  the  number  of  scratches  upon  its 
surface.  These  may  be  removed  by  rubbing  the  section  first  upon  a 
very  smooth  dry  hone,  and  aAenvards  upon  a  piece  of  plate  glass. 
After  the  piece  of  bone  has  been  properly  polished,  no  lines  will  be 
seen  upon  it,  when  it  is  examined  in  the  microscope. 

IBS.  Teeih.— Sections  of  dry  teeth  cannot  be  advantageously 
prepared  in  the  manner  just  described,  owing  to  the  very  brittle 
nature  of  the  enamel.  The  better  way  is  to  grind  the  toolh  down  at 
a  dentist's  laihe  until  a  section  sufficiently  thin  be  obtained. 

Sections  of  fresh  bone  and  teeth  may  be  prepared  moist  so  as  lo 
show  many  more  important  points  in  their  structure  and  mode  of 
growth,  according  to  the  plan  described  in  part  V.  After  they 
have  been  soaked  for  some  time  in  glycerine  and  acetic  acid,  very 
thin  shavings  even  of  enamel  may  be  obtained  with  a  strong  sharp 
knife.  The  calcareous  matter  may  be  dissolved  out  from  specimens 
by  dilute  hydrochloric  acid,  and  sections  of  the  decalcified  matrix 
easily  cut  with  a  sharp  knife. 

IS4.  SMtlAua  or  ahfiiB  of  many  of  the  lower  animals,  and  the 
hard  shells  and  stones  of  fruit  may  be  made  in  a  similar  manner, 
but  very  hard  textures  such  as  fossil  wood  must  be  obtained  of  the 
lapidary.     &e  also  "  Of  examining  minerals  and  fossils,"  further  on. 

lit.  Hora  and  H>lr. — I'hin  sections  of  horn  and  textures  of 
this  description  may  be  cut  without  difficulty  with  a  sharp  strong 
knife,  pi.  XV,  fig.  St. 

Hair. — There  are  many  ways  of  obtaining  thin  transverse 
sections  of  hair.  Thus  a  number  of  hairs  may  be  united  together 
with  a  litde  gum,  so  as  to  form,  when  dry,  a  firm  hard  mass. 
Thin  sections  of  this  can  readily  be  made,  with  a  sharp  knife, 
and  the  individual  pieces  may  be  separated  from  each  other,  by 
the  application  of  a  drop  of  water.  These  may  be  mounted  in 
fluid,  or  dried  and  preserved  in  Canada  balsam,  §  143. 

Or  the  hairs  may  be  placed  between  two  pieces  of  cardboard, 
or  between  two  flat  pieces  of  cork,  and  when  tightly  pressed  in  a 
vice,  thin  sections  of  the  hair,  including  the  cardboard  and  cork, 
can  be  obtained  with  a  sharp  knife.  For  cutting  thin  transverse 
sections  of  hair,  my  friend.  Professor  Weber,  of  Leipzig,  recommends 
B  very  simple  expedient  He  suggests  that  the  beard  should  be 
shom  very  closely,  and  then   after  a  few  hours  shorn  again.     In 
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this  way  excessively  thin  sections  of  hair  in  great  numbers  may  be 
obtained,  and  can  be  easily  removed  from  the  lather,  well  washed 
in  distilled  water  and  dried  at  the  ordinary  temperature. 

isa.  On  cDltlnB  sccttana  of  Wood  and  Tcxturca  of  tta»t  Character. 
— Thin  sections  of  various  woods  and  other  vegetable  textures 
of  a  certain  degree  of  firmness  may  be  cut  with  the  aid  of  the 
instrument  represented  in  pL  XXI,  fig.  137.  A  piece  of  wood,  after 
having  been  allowed  to  soak  for  some  time  in  water,  is  placed  in 
the  hole,  and  kept  in  its  position  by  the  side  screw.  Upon  turning 
the  lower  screw  the  wood  is  forced  above  the  brass  plate.  A  dean 
section  is  now  made  with  a  sharp  strong  knife  or  razor.  By  turning 
the  screw  beneath,  very  shghlly,  the  wood  is  forced  above  the  surface 
of  the  brass  plate,  and  thus  a  section  of  any  required  thickness 
may  be  obtained. 


ON  THE   SEPARATION   OF   DEPOSITS   FROM    FLtJIDS. 

Before  we  can  ascertain  the  nature  of  a  deposit  suspended  in  a. 
fluid,  it  is  necessary  to  separate  it  as  much  as  possible, 
collect  it  into  a  small  space.  Diffused  as  the  deposit  often  is 
through  a  large  bulk  of  fluid,  the  observer  would  scarcely  be  sur- 
prised if  he  failed  to  distinguish  it,  when  a  drop  was  placed  under 
the  microscope. 

The  ordinary  method  of  separating  deposits  from  fluids  is  by 
filtration.  The  arrangement  of  the  funnel  and  the  mode  of  fold- 
ing the  paper,  for  filtering,  arc  shown  in  pi.  XXll,  figs.  139  and 
147.  Filtration,  however,  will  not  answer  for  microscopical  purposes, 
when  a  mere  trace  of  deposit  has  to  be  collected  from  a  large  quantity 
of  fluid.  Moreover,  particles  from  the  filtering  paper  often  become 
mixed  with  the  deposit  and  lead  to  confusion.  Hence  other  modes 
of  proceeding  must  be  resorted  to. 

tVt.  Conical  Claawi. — In  order  to  collect  the  deposit  for  micro- 
scopical examination,  the  fluid  containing  it  is  placed  in  a  conical 
glass,  the  lower  portion  of  which  is  narrow,  not,  however,  termi- 
nating in  a  point  but  in  a  slightly  rounded  extremity.  After 
standing  for  some  hours,  the  deposit  falls  to  tlie  narrow  portioB 
of  the  glass,  and  may  be  removed  with  the  pipette.  A  useful  form 
of  conical  glass  is  represented  in  pi.  XXII,  fig  141. 

ISS,  The  Pipette  consists  of  a  glass  tube,  about  ten  inches  in 
length,  the  upper  extrenuty  being  slightly  enlarged,  so  that  the  finger 
may  be  conveniendy  applied  to  it,  and  the  lower  orifice  contracted^ 
so  as  to  be  about  one  tenth  of  an  inch  in  diameter.     It  is  convenient 
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to  have  a  ridge  around  the  glass  tube,  about  three  inches  from  its 
upper  extremity,  pi.  XXII,  fig.  140. 

IS0.  RcDiatlnB  the  Dcpoalt  with  tbe  Pipette. — The  removal  of 

the  deposit  is  easily  effected,  The  pipette  is  held  by  the  middle 
finger  and  thumb,  while  the  index  finger  is  firmly  applied  to  its 
upper  extremity.  The  point  is  next  plunged  beneath  the  surface  of  the 
fluid  and  carried  down  to  the  deposit,  a  portion  of  which  will  rush 
up  the  tube  if  the  pressure  of  the  finger  upon  the  upper  extremity  be 
slightly  diminished.  The  deposit  having  entered  the  tube,  the  pres- 
re  is  re-applied,  and  the  deposit  contained  in  the  pipette  can  be 
moved  from  the  fluid,  fig.  141. 
MO.  On  SepanillnB  the  Coarac  from  tbe  Finer  Partldeii  »r  « 
I  Bcp«Blt. — Many  deposits,  by  being  iJilTused  through  a  large  quantity 
J  of  water,  may  be  divided  into  several  portions.  The  fluid,  with  sub- 
stances suspended  in  it,  is  well  stirred,  and,  after  being  allowed  to 
1  stand  for  a  very  short  time,  all  but  the  deposit  is  poured  off  into 
another  vessel.  In  this  the  fluid  is  again  allowed  to  stand  for  a  short 
time,  and  again  poured  off.  This  process  may  be  repealed  several 
In  the  first  glass,  only  the  coarser  particles  will  be  found  ; 
in  the  second,  slightly  finer  particles  ;  in  the  third,  still  finer  ones, 
and  so  on ;  a  longer  period  being  allowed  for  the  subsidence  in  each 
successive  case. 

The  coarse  particles  may  also  often  be  separated  from  finer  ones 
by  straining  the  deposit  through  muslin.  Various  preservative  solu- 
tions, which  I  have  already  described,  are  applicable  for  preserving 
■  deposits  from  fluids.  Many,  again,  may  be  mounted  in  Canada 
balsam. 
lai.  HevaratloD  of  Deposit  wben  1117  imall  In  qimntlt]'. — Where 
the  deposit  is  exceedingly  small  in  quantity,  and  diffused  through  a 
great  bulk  of  fluid,  a  slight  modification  of  the  above  plan  must  he 
resorted  to.  The  pipette,  containing  as  much  of  the  deposit  as  can 
be  obtained,  is  removed  from  the  glass  vessel  containing  the  fluid. 
Its  contents  are  prevented  from  escaping  by  the  application  of  the 
finger  to  its  lower  orifice.     The  upper  extremity  is  then  occluded 

■  with  a  small  cork.  Upon  now  removing  the  finger  from  the  lower 
■Crifice,  of  course  no  fluid  will  escape.  The  pipette  is  allowed  to 
stand  with  its  mouth  downwards  upon  the  glass  slide,  in  which 
position  it  may  be  permitted  to  remain  some  hours,  either  being 
suspended  with  a  string  or  allowed  to  lean  against  some  upright 
object  It  is  obvious  that  under  these  circumstances  the  most 
minute  deposit  contained  in  the  fluid  will  gravitate  to  its  lower  part, 

Kd  be  received  upon  the  slide,  without  the  escape  of  much  of  the 
id,  fig.  145,  pi.  XXII.    Or  the  sediment,  having  been  allowed  to 
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subside  in  a  conical  gla^s,  may  be  poured  into  a  very  i 
tube.      Upon  a  glass  slide   being  applied  lo  the   open  end,  the   ' 
tube  may  be  inverted,  and  the  deposit  will  gradually  collect  upon 
the  slide.      The  arrangement    will  be    understood  by  reference  to  1 
fig.  146. 

According  to  cither  of  the  above  methods  any  insoluble  sub- 
stances diffused  through  fluids  can  be  easily  collected  for  the  pur- 
poses of  examination.  In  collecting  shells  of  the  diatomaceie  for 
microscopical  examination  they  are  often  diffused  through  a  con- 
siderable quantity  of  water,  allowed  to  subside,  and  obtained  in  the 
manner  above  described. 

ia<.  KxantiDMlon  of  the  DcpoBlt.— The  deposit  removed  by  the 
pipette  may  be  transferred  to  the  thin  glass,  tinfoil,  or  Brunswick 
black  cell,  $§  115  to  118,  and  submitted  to  examination  in  the  micro- 
scope. The  animalcule  cage,  p.  66,  will  also  be  found  very  con- 
venient for  the  examination  of  deposits  from  fluids,  and  it  serves  the 
purpose  of  a  compressorium  when  a  very  great  amount  of  pressure  is 
not  required.  It  is  important  that  the  shoulder  of  the  animalcule 
cage  upon  which  the  cover  fits  should  be  at  least  as  wide  as  the  one 
figured  in  pi.  XVIII,  fig.  ti2,  otherwise  when  the  glasses  are  not 
cleaned  immediately  after  use,  solutions  which  have  been  examined 
are  apt  to  dry  and  thus  the  removal  of  the  cover  without  fracture 
of  the  glass  is  verj*  difliculL 

I6S.  WMb.battlc. — In  many  operations,  especially  in  washing 
defwsits  previous  10  microscopical  examination  and  in  filtration,  the 
wash-bottle  used  by  chemists  is  of  great  use,  as  by  it  a  stream  of 
water  of  any  required  degree  of  force  can  be  easily  directed  to  any 
particular  point,  either  for  the  purpose  of  washing  away  foreign 
particles,  or  for  removing  part  of  the  deposit  itself.  The  wash-bottle 
is  also  of  great  use  in  preparing  sections  of  soft  tissues  for  observa- 
tion. It  is  made  by  inserting  a  cork  into  an  ordinary  half-pint  bottle. 
Through  the  cork  pass  two  tubes,  bent  at  the  projjer  angle.  The 
longest  terminates  in  a  capillary  orifice,  while  its  other  extremity 
reaches  down  to  the  bottom  of  the  bottle.  The  shorter  tube  reaches 
only  to  the  lower  part  of  the  coik,  pi.  XXII,  fig.  143.  By  blowing 
through  the  shorter  tube,  air  is  made  to  press  upon  the  surface  of 
the  water,  which  is  thus  driven  up  the  longer  tube  and  out  at  its 
capillary  orifice. 

The  observer  must  have  a  stock  of  small  lutes,  about  two  inches 
in  length  and  a  quarter  of  an  inch  in  diameter,  such  as  homeopathic 
globules  arc  kept  in.  fig.  144,  pi,  XXII,  and  several  small  vjotck 
glasses,  of  different  sizes. 
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ON   MAKING   INJECTION?. 

The  arrangement  of  the  minute  vessels  or  capillaries  distributed 
to  the  various  textures  of  man  and  animals  is  not  to  be  demonslrated 
in  all  instances  by  the  usual  methods  of  invesligalion,  in  consequence 
of  the  transparency  of  the  walls  of  the  tube.  Indeed,  in  an  ordinary 
examination  of  a  tissue  in  the  microscope,  one  often  fails  to  delect 
the  least  trace  of  any  structure,  although  it  may  be  almost  entirely 
composed  of  distinct  tubes  and  vessels.  Some  even  yet  maintain 
the  opinion,  that  the  capillaries  are  to  be  looked  upon  in  the  light 
of  mere  channels  in  the  interstices  of  the  tissues,  rather  than  as  tubes, 
with  their  ovro  proper  walls.  If,  however,  this  view  were  correct 
we  should  not  meet  with  the  perfectly  circular  ouUine  which  the 
section  of  an  injected  capillary  vessel  frequently  presents  ;  nor  should 
we  be  able  lo  obtain  capillaries  completely  isolated  from  other 
tissues. 

1S4.  orNUurai  «nd  Artiiicia)  lajfctloaB. — Sometimes  the  capillary 
vessels  remain  turgid  with  blood  after  the  death  of  the  animal,  and  a 
itatural  injection  results.  Natural  injections,  however,  are  accidental 
and  cannot  be  obtained  in  the  case  of  every  texture.  In  order, 
therefore,  to  investigate  the  arrangement  of  the  vessels,  it  is  neces- 
sary to  resort  to  the  process  of  artificial  injectian,  by  which  a  certain 
quantity  of  coloured  material  is  forced  into  a  vessel  of  convenient  size. 
After  passing  along  a  large  arterial  trunk,  the  injection  penetrates  into 
the  smallest  vessels  and  sometiroes  even  returns  by  the  veins.  The 
colouring  matter  employed  may  be  opaque  or  tramparenl.  In  the 
first  case  the  injected  preparation  can  only  be  examined  by  reflected 
light  as  an  opaque  object,  p.  18,  while  transparent  injections  may  be 
subjected  to  examination  by  transmitted  light,  p.  18,  as  well  as  by 
reflated  light.  Examples  of  opaque  and  transparent  injections  in 
which  different  substances  have  been  employed  as  colouring  matters, 
can  be  purchased  at  all  the  microscope  makers.  See  list  at  the  end 
of  the  volume.  Every  student  is,  however,  strongly  recommended  to 
learn  to  make  injected  preparations  for  himself 

ISS.  Iimtruniciit*  required  for  mKkiDB  Injcctiana. — The  dif- 
ferent instruments  required  for  making  artificial  injections  are  the 
following ; — 

An  injecting  syringe,  of  about  the  capacity  of  one  ounce  or  even 
half  an  ounce,  pi.  XXIII,  fig.  151.  The  piston  of  the  mjecting 
fringe  should  be  covered  with  two  pieces  of  leather,  which  may 
be  very  easily  removed  and  replaced,  fig.  148.  The  first  piece,  o,  is 
tpplied  and  screwed  down  with  a  brass  button,  b.     The  piston  is 
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then  passed  dow-n  the  tube  and  forced  out  at  the  lower  opening. 
The  second  piece  of  leather,  c,  is  then  put  on,  and  fixed  in  its  place 
with  another  button,  ir.  In  the  syringes  now  made  for  me  by 
Mr.  Matthews,  the  piston  consists  entirely  of  metal,  1  have  found 
syringes  of  this  description  work  exceedingly  well,  and  the  necessity 
for  re-leathering  is  obviated,  but  they  are  rather  expensive. 

J^i^s,  of  different  sizes,  to  insert  into  the  vessels,  fig.  136,     The 
tnbes  of  the  smaller  pipes  should  be  made  of  silver, 

Ctiris,  of  the  form  represented  in  fig,  150,  for  the  purpose 
plugging  the  pipes  while  the  syringe  is  being  filled  n-ith  injecting  fli 
A  stopcock,  fig,  155,  is  also  useful  for  the  same  purpose. 

fvrceps,  of  the  form  shown  in  fig.  149,  which  are  known  to  surgii 
instrument  makers  as  bulPs  nose  forceps,  for  stopping  up  any 
through  which  the  injection  may  escape  accidentally. 

A  Netd!e,  of  the  form  of  the  anrurism  needle  used  by  sui 
for  passing  the  thread  round  the  vessel  to  tie  it  to  the  pipe  which 
inserted  into  it,  fig.  158.  This  needle  maybe  made  of  an  ordinary 
darning  needle  which  has  been  carefully  bent  round  after  having  been 
heated  in  the  flame  of  a  lamp.  The  thread  which  is  used  should  be 
strong  but  not  loo  thin,  as  there  would  be  danger  of  its  cutting 
through  the  coats  of  the  vessel 

ie«.  in}c«laii  cuia. — Size  or  gelatine  is  used  as  the  -materia] 
which  the  opaque  colouring  matter  is  suspended.  It  must  be  melt^ 
in  a  water-bath  and  strained  immediately  before  use.  The  copper 
injecting  can  forms  a  very  convenient  apparatus  for  melting  the 
gelatine.  There  are  five  cans  In  the  bath,  represented  in  fig.  152, 
pi.  XXIII,  so  that  injection  may  be  very  conveniently  transferred 
from  one  into  the  other,  while  all  may  be  kept  warm  over  an  ordinary 

The  operation  of  injecting  is  described  in  page  98, 
Of  Opaque  InJeiUons. 

Although  by  the  old  system  of  making  opaque  injections  there 
no  chance  of  making  out  new  points  in  the  stnictiire  of  tissues 
organ.s,  I  shall  give  directions  for  making  these  injections, 
some  of  my  readers  may  desire  to  prepare  specimens.     The  obsei 
must   not,   however,    suppose   that   he   wiil    add    much  to  cxistin^j 
knowledge,  however  great  an  adept  he  may  be  at  this  difficult  process. 
To   make  a  perfect   vermilion    injection    undoubtedly    requires 
degree  of  skill  which  any  one  may  be  proud  to  possess,  but  for  all 
that  it  is  certain  that  little  which  has  not  been  long  since  demonstrated 
wit!  be  discovered  by  the  process. 

iflf.  Tbe  aiu  should  be  of  such  a  strength  as  to  form  a  tolerab^' 
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firm  jelly  on  cooling.  If  gelatine  is  employed  it  must  be  soaked  for 
some  hours  in  cold  water  before  it  is  warmed.  About  an  ounce  of 
gelatine  to  a  pint  of  water  will  be  sufficiently  strong,  but  in  very  hot 
weather  it  is  necessary  to  add  a  little  more  gelatine.  It  must 
be  soaked  in  part  of  the  cold  water  until  it  swells  up  and  becomes 
soft,  when  the  rest  of  the  water,  made  hot,  is  to  be  added.  Good 
gelatine  for  injecting  purposes  may  be  obtained  for  two  shillings  a 
pound. 

MS.  caiaarinK  Hatter*. — The  colouring  matters  usually  employed 

in  making  opaque  injections  are  the  following  :  —  Vermiliait,  Ckromale 

'  of  Lead,  and    White  Lmd.      Of  these,  vermilion  affords  the  most 

beautiful  preparations,    but  chromate  of  lead  properly  prepared  is 

much  cheaper,  and  it  may  be  obtained  in  a  state  of  more  minute 

■  division.  White  lead  forms  a  good  colouring  m  itter,  but  its  density, 
Wid  its  tendency  to  become  brown  and  black  when  exposed  to  the 
action  of  sulphuretted  hydrogen,  formed  in  the  decomposition  of 
the  tissues,  are  objections  to  its  use. 

tes.  VcrmiUon  of  sufficiently  good  quality  can  be  purchased  of 
all  artists'  colourmen  for  six  or  eight  shillings  a-pound.  If  upon  micro- 
scopical examination  a  number  of  very  coarse  particles  be  found  in 
the  vermilion,  it  will  be  necessary  to  separate  these  by  washing  in 
water  in  the  manner  described  in  \  160. 

■  If*.  The  Cbromalc  at  h/taA  is  prepared  by  mixing  cold  saturated 
Bolutions  of  acetate  of  lead  and  bichromate  of  potash.  The  yellow 
precipitate  is  allowed  to  settle,  and  after  pouring  off  the  clear  solution 
of  acetate  of  potash  resulting  from  the  decomposition,  it  is  shaken  up 
with  water,  again  permitted  to  settle  and  mixed  with  strong  size  or 
gelatine.     After  being  strained  through  muslin  the  mixture  may  be 

I  injected  into  the  vessels. 
■II.  Th«    Cu-bonaM   of   Lead   or    White    LeM    is   prepared    by 
mixing    saturated    solutions    of  acetate    of  lead  and  carbonate  of 
■BOda.     The  precipitate  is  to  be  treated  as  the  former  one  and  mixed 
rwith  size, 
■       ' 
>1hat 
the 
■emal 
flftt 
ifcrct 
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fin  preparing  opaque  injections,  the  observer  should  bear  in  mind 
that  the  colouring  matter  should  be  well  mixed  with  the  size,  otherwise 
■the  vessels  will  not  be  uniformly  filled,  and  it  is  better  to  employ  a 
■email  syringe  rather  than  a  large  one,  as  there  is  not  so  much  chance 
■of  the  colouring  matter  separating  from  the  size  before  the  mixture  is 
ifcrced  into  the  vessels.  In  all  cases  the  mixture  may  be  made  in  a 
mortar,  poured  into  one  of  the  injection  cans,  fig.  151  a,  and  strained 
into  another  through  muslin  just  before  it  is  injected  into  the  vessels 
of  the  animal 
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■fx.  Hlic  Of  Ibe  Fartlclca  of  tbe  Colonrliig  VMtcr  u»e4. — The 

size  of  ihe  particles  of  the  different  substances  employed  in  making 
opaque  injections  is  represented  in  pi.  XXIV,  and  if  the  different 
figures  be  compared  with  one  another,  it  will  be  observed  that  those 
colouring  mattere  which  have  been  recently  prepared  are  in  a  much 
more  minute  state  of  division  than  those  which  have  been  kept  for 
some  lime.  The  appearances  represented  were  obtained  by  examina- 
tion with  a  power  of  zi^  diameters. 

Opaque  injections  are  represented  in  pi.  XXV,  figs.  i6i,  i6a. 

lis..  Of  Injectlas  Dmrcnt  ByHtemi  of  Veuda  with  DIfftrfnt 
Op««ne  miectlou. — It  is  often  desirable  to  inject  different  systems  of 
vessels  distributed  to  an  organ  with  different  colours,  in  order  to  ascer- 
tain the  arrangement  of  each  set  of  vessels  and  their  exact  relation  to 
one  another.  A  portion  of  the  gall-bladder  in  which  the  veins  have 
been  injected  with  white  lead,  and  the  arteries  with  vermilion,  forms 
a  beautiful  preparation.  Each  artery,  even  to  its  smallest  ramifica- 
tions, is  seen  to  be  accompanied  by  two  small  veins,  one  lying  on 
either  side  of  it  A  beautiful  injection  of  the  gall-bladder  is  repre- 
sented in  pi.  XXV,  fig.  i6i. 

In  an  injection  of  the  Hver,  four  sets  of  tubes  may  be  injected 
with  the  following  different  colouring  matters : — The  artery  with 
Vermiiion,  the  portal  vein  with  White  Lead,  the  duct  with  Pnissian 
£liie,  and  the  hepatic  vein  with  Lake.  Many  opaque  colouring 
matters  besides  those  above-mentioned  may  be  employed  for  double 
injections. 

0/  Transparent  Injedmit.  ^H 

114.  Adtmntarei  of  Tranipareot  imectlAiu.— For  many  years  f" 
have  abandoned  the  old  plan  of  making  injected  preparations,  in 
favour  of  such  transparent  injecting  fluids  as  are  miscible  with  water 
in  all  proportions.  Besides  the  colouring  matter  these  contain  solu- 
tions which  exert  a  preservative  action  upon  the  tissue  with  which 
they  come  in  contact,  or  render  certain  elements  of  the  tissue  more 
transparent  or  opaque.  By  this  new  plan  of  injection  most  important 
advantages  are  gained,  for  not  only  are  the  vessels  injected  with 
colouring  matter,  but  — 

1.  The  tissues  are  preserved  from  decomposition  or  change  by 
the  action  of  the  fluids  of  the  body  which  are  washed  out  by  the 
injection. 

2.  Certain  tissues  may  be  rendered  more  distinct 

3.  Every  structural  element  of  the  tissue  can  be  seen  as  well  as 
the  vessels, 
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4.  Tissues  prepared  by  tliis  process  can  be  subjected  to  examina- 
tion, by  powers  magnifying  more  than  5,000  diameters.     Stf  part  V. 

5.  All  tissues  may  be  mounted  in  a<|iJeous  preservative  solutions, 
and  the  most  delicate  structures  are  retained  in  their  integrity. 

6.  By  this  process  of  injection  alone  can  the  alteration  of  the 
most  delicate  tissues,  which  occurs  very  soon  after  death,  be  pre- 
vented. 

It  will  be  seen  that  several  important  principles  are  involved  in 
this  new  process,  which  will  be  more  fully  enunciated  in  part  V, 

Of  late  years  carmine  fluid  has  been  much  used  for  transparent 
injections,  especially  in  Germany  ;  but  although  many  of  these  speci- 
mens are  very  beautiful,  I  am  not  aware  thai  new  facts  have  been 
revealed  by  the  process.  As  the  specimens  are  mounted  in  balsam, 
the  structure  of  the  tissues  external  to  the  vessels  is  completely  lost. 
Moreover,  the  vessels  with  the  contained  injection  have  become 
much  reduced  in  diameter  by  the  process  of  drying,  and  generally  the 
appearances  seen  cannot  be  regarded  as  natural. 

All  that  is  to  be  learnt  by  such  modes  of  preparation,  has  been 
already  learnt.  For  more  minute  investigation  it  is  absolutely  neces- 
sary that  the  tissue  be  prevented  from  undergoing  post-mortem 
change,  and  that  it  be  preserved  in  some  viscid  aqueous  fluid.  By  drying 
the  tissue  its  structure  is  often  destroyed.  The  only  mode  of  prepa- 
ration by  which  injected  textures  can  be  subjected  to  examination 
by  the  highest  powers,  and  which  permits  of  all  the  several  structures 
entering  into  their  composidon  being  displayed  in  the  same  specimen, 
f  is  that  which  I  am  advocating  in  conjunction  with  the  staining  process 
^described  in  pan  V. 

■  In  order  to  inject  the  vessels  for  examination  by  transmitted  light 
several  different  substances  may,  however,  be  used  as  injecting  fluids ; 
but  if  it  is  desired  to  study  the  tissues  as  well  as  the  arrangement  of 
the  vessels,  the  points  just  adverted  to  must  be  borne  in  mind. 

■IS.  iigecuon   witb     Plain  Rt». — A    tissue    which     has    been 

injected  with  plain  size,  when  cold  is  of  a    good  consistence  for 

obtaining  thin  sections,  and  many  important  points  may  be  Icamt 

from    a   specimen    prepared  in  this   manner  which  would   not   be 

^^tected   by  other  modes  of  preparation.     A  mixture  of  equal  parts 

I-of  gelatine  and  glycerine  is,  however,  much  to  be  preferred  for  this 

Efnirjtose,  and  the  specimen  thus  prepared  is  sure  to  keep  well.     Very 

I  thin  sections  of  spongy  tissues  like  the  lung  maybe  most  successfully 

I  nude  after  injection  with  strong  gelatine  or  gelatine  and  glycerine. 

Its.  CMourliiB  SMicni  for  Tnui*p*rrut  iiOcctionB. — The  chief 

iolouring  matters  used  for  making  transparent  injections  arc  carmine 

■Bud  Prussian  blue.    The  former  may  be  prepared  by  adding  a  little 
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acid  is  present  in  the  fluid  in  which  the  specimen  is  preserved,  T 
have  many  specimens  injected  with  Prussian  blue,  which  have 
retained  their  colour  perfectly  for  more  than  ten  years.  An  advan- 
tage of  the  Prussian  blue  over  other  fluids  is,  that  the  ingredients 
required  to  make  it  are  very  cheap,  and  can  he  readily  obtained 
everywhere.  Capillaries  injected  with  the  Prussian  blue  fluid  under 
high  magnifying  powere  are  represented  in  pi.  XXV. 

I  would  most  earnestly  recommend  all  who  are  fond  of  injecting 
to  employ  transparent  injections,  and  to  endeavour  by  trying  various 
transparent  colouring  matters,  to  discover  several  which  may  be 
employed  for  this  purpose,  for  I  feel  sure  that  by  the  use  of  carefully 
prepared  transparent  injecting  fluids,  many  new  points  in  the  anatomy 
tissues  will  be  made  out 

il»,  Turabnir*  Blue.— My  friend,  Mr.  B.  \Vills  Richardson,  of 
Dublin,  has  introduced  Tumbull's  blue  in  preference  to  ordinary 
Prussian  blue.  Ten  grains  of  pure  sulphate  of  iron  are  to  be  dissolved 
in  an  ounce  of  glycerine,  or  better,  in  a  little  distilled  water  and  then 
mixed  n-ith  glycerine,  and  thirty-two  grains  of  ferridcyanide  of 
potassium  in  another  small  proportion  of  water,  and  the  solution 
mixed  with  glycerine.  These  two  solutions  are  then  gradually 
mixed  together  in  a  bottle,  the  iron  solution  being  added  to  that  of 
the  ferridcyanide,  and  mixture  ensured  by  fretiuent  agitation.  The 
other  ingredients  are  added  as  in  the  Prussian  blue  fluid.  This 
modification  may  be  adopted  in  all  cases  in  which  1  have  recom- 
mended the  ordinary  Prussian  blue.  The  proportions  given  in  the 
text  are,  however,  unnecessarily  brge,  and  I  find  that  the  fotloi 
makes  a  good  fine  injecting  fluid. 


Ferridcyanide  of  potassium    ... 

...  10  grains. 

Sulphate  of  iron          

-     5      .. 

Water              

...     1  ounce. 

Glycerine  (Price's)      

...     2  ounces. 

Alcohol           

...     I  drachm. 

iwmg 


The  iron,  dissolved  in  a  little  water  and  mixed  with  glycerine,  is 
to  be  added  to  the  solution  of  the  ferridcyanide,  as  in  the  prepara- 
tion of  the  other  fluid. 

18*.  CRmlne  mjectlns  Fluid. — In  the  hands  of  Mr.  Smee,  Pro- 
fessor Gerlach,  and  others,  a  solution  of  carmine  in  ammonia  has 
long  been  employed  for  making  minute  injections  with  the  most  satis- 
fectory  results.  The  solution  may  be  diluted  to  the  required  tint 
and  injected.  It  is  most  applicable  to  injecting  very  delicate  vessels, 
as  those  of  the  brain ;  indeed,  if  much  force  be  employed,  the  fluid 
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I  transudes  through  the  walls  of  the  vessels,  and  tinges  all  the  neigh- 
bouring tissues  indiscriminately.     The  8uid  is  much  improved,  and 
its  tendency  to  transude  diminished,  by  the  addition   of  glycerine 
^^     and  a  little  alcohol. 

^L  Professor  Gerlach  was  the  first  who  used  a  cannine  injecting  fluid. 

^^B  The  beautiful  carmine  injections  now  made  in  Germany  are  prepared 
^H  with  this  fluid,  or  a  slight  modification  of  iL  I  take  the  receipt  from 
^^■tfie  excellent  work  of  Dr.  Frey  (Oas  Mikroskop,  1863). 


Carmine... 

Water     

Liquor  ammonia; 


77  grains. 
70  grains. 
8  drops. 


The  carmine  is  to  be  dissolved  in  the  ammonia  and  water,  and 
the  solution  left  for  some  days  exposed  to  the  air,  and  then  mixed 
with  pure  gelatine,  made  by  dissolving  a  drachm  and  a-half  of  good 
gelatine  in  a  drachm  and  three  quarters  of  water.  Lastly,  a  few 
drops  of  acetic  acid  are  added  to  the  mixture,  which  is  injected 

181.  Ada  Cvmlne  PiQtd. — After  trying  a  great  many  different 
(combinations,  I  arrived  at  the  following,  which  answers  the  purpose 
I  exceedingly  well ; — 


Carmine 

Glycerine,    with  eight  or  ten 
acetic  or  hydrochloric  acid 

Glycerine     

Alcohol        

Water  

Ammonia,  a  few  drops. 


5  grains, 
i  ounce. 


Mix  the  cannine  with  a  few  drops  of  water  and,  when  well  incor- 
porated, add  about  five  drops  of  /igmr  ammonia.  To  this  dark  red 
solution,  about  half  an  ounce  of  the  glycerine  is  to  be  added,  and  the 
whole  well  shaken  in  a  bottle.  Next,  very  gradually,  pour  in  the 
acid  glycerine,  frequently  shaking  the  bottle  during  admixture.  Test 
the  mixture  with  blue  litmus  paper,  and  if  not  of  a  very  deridedly 
acid  reaction,  a  few  drops  more  acid  may  be  added  to  the  remainder 
of  the  glycerine,  and  mixed  as  before.  Lastly,  mix  the  alcohol  and 
water  very  gradually,  shaking  the  bottle  thoroughly  after  adding  each 
successive  portion,  till  the  whole  is  mixed.  This  fluid,  like  the 
Prussian  blue,  may  be  kept  ready  prepared,  and  injections  may  be 
made  mlb  it  very  rapidly. 
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tss.  Dr.  C>r(er*R  Orminc  tmeetlnf  nuM. — For  a  carmine  in- 
jecting fluid  which  will  run  perfectly  freely  through  the  moat  minute 
capillaries,  and  one  that  will  not  tint  the  tissues  beyond  the  vessels 
themselves,  Dr.  Carter  has  found  the  following  formula  to 
satisfactorily : — 


Pure  carmine         60  grains. 

Liq,  ammon.  fort  (P.  R) iio      „ 

Glacial  acetic  acid  86  minims. 

Solution  of  gelatin  ( i  to  6  water)  i  ounces. 

Water         li     „ 


The  carmine  is  to  be  dissolved  in  the  solution  of  ammonia  and' 
filtered,  if  necessary.  With  this  mix  thoroughly  an  ounce  and  a  half 
of  the  hot  solution  of  gelatine,  The  remaining  half  ounce  of  gelatin 
is  to  he  mixed  with  the  acetic  acid,  and  dropped,  little  by  little,  into 
the  solution  of  carmine,  stirring  briskly  during  the  whole  time. 
(Archives  of  Medicine,  vol.  Ill,  p.  287). 

This  fluid  is  admirably  adapted  for  specimens  which  are  to  be 
mounted  in  Canada  balsam,  but  not  for  those  to  be  preserved  in 
glycerine.  The  vessels  are  well  displayed,  but  all  the  delicate  nerve 
fibres  are  invisible. 

Transparent  injecting  fluids  of  several  different  colours  are  very 
much  to  be  desired,  but  although  many  experiments  have  been  made  in 
the  hope  of  obtaining  such,  we  are,  as  yet,  restricted  to  two,  the  blue 
and  the  red.  Thiersch  has  succeeded  in  making  others,  the  com- 
position of  one  of  which,  yellow,  is  given  below.  1  have  not  myself 
met  with  much  success  hitherto  in  the  use  of  these  fluids,  for  if  I 
employ  them  according  to  the  directions  given,  I  am  unable  to 
demonstrate  the  masses  of  germinal  matter  (nuclei),  and  various 
points  of  importance ;  and  when  made  according  to  the  principles 
followed  in  the  case  of  the  Prussian  blue  fluid,  the  results  are  by  no 
means  satisfactory,  and  as  the  colour  is,  in  many  cases,  affected  by 
acids,  the  subsequent  steps  of  my  process  are  interfered  with.  &r 
part  V.  They  may,  however,  be  useful  to  those  who  prefer  to  follow 
out  other  plans  of  investigation. 

An  injecting  fluid  of  a  greenish  tint  may  be  made,  according  to 
the  directions  given  in  page  94,  for  TumbuU's  blue,  by  employing 
different  proportions  of  the  ingredients, — i  grain  or  less  of  the 
sulphate  of  iron  to  10  grains  of  the  ferridcyanide  of  potassium. 

Thiersch  (Das  Mikroskop,    1865,  von  Dr.  H.  Prey)  prepares 
transparent  yellow  injecting  fluid  as  follows  ; — 
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A. — A  solution  of  bichromate  of  potash  is  made,  in  the  propor- 
tion of  one  part  of  salt  to  two  of  water. 
R — A  solution  of  nitrate  of  lead  of  the  same  strength. 

One  part  of  solution  A  is  placed  in  a  small  basin  and  mixed 
with  4  parts  of  a  concentrated  solution  of  gelatine.  Two  parts  of 
solution  B  are  placed  in  another  basin  and  mixed  with  four  parts 
of  jelly. 

These  are  to  be  slowly  and  thoroughly  mixed  together  at  a  tem- 
perature of  from  75®  to  90®,  and  then  heated  in  a  water-bath  at  a 
temperature  of  about  212°  for  half  an  hour  or  more.  The  mixture 
is  then  to  be  carefully  filtered  through  flannel. 

188.  Of  IiUectlnff  Different  Systems  of  Vessels  wltb  Transparent 
liUectlons.  — The  transparent  injecting  fluids  which  may  be  used  for 
double  injections,  must  have  the  same  reaction.  Thus  the  Prussian  blue 
fluid,  and  the  carmine  solution  without  gelatine,  p.  95,  maybe  used  for 
this  purpose  ;  but  I  have  not  yet  been  able  to  obtain  other  colours; 
which  answer  so  well  as  these.  Good  transparent  yellow  and  green 
acid  injecting  fluids  which  might  be  used  for  double  injections  in 
cases  in  which  the  Prussian  blue  fluid  was  employed,  are  much  to  be 
desired. 

184.  New  Form  of  Solnble  Pmsslna  Bine. — Briicke  recommends 
the  following : — 

Ferrocyanide  of  potassium,  217  grammes,  dissolved  in  1  litre  of 
distilled  water. 

Perchloride  of  iron,  10  grammes  in  i  litre  of  distilled  water. 
Sulphate  of  soda,  a  cold  saturated  solution. 

One  volume  of  each  of  the  two  first  solutions  is  to  be  mixed  with 
one  volume  of  the  soda  solution.  The  iron  and  soda  solution  is  then 
to  be  mixed  gradually  with  the  ferrocyanide  and  soda  solution  with 
constant  stirring.  The  mixture  is  to  stand  for  some  hours,  and  the 
deposit  collected  on  a  filter.  The  deposit  is  then  washed  with  small 
quantities  of  distilled  water,  until  the  filtrate  runs  through  quite  blue. 
The  blue  powder  thus  prepared  is  quite  soluble  (?)  in  distilled  water. 
Briicke  recommends  that  this  be  made  into  an  injection  with  sufficient 
gelatine  to  ensure  it  setting  into  a  jelly.  After  injection  the  prepa- 
ration is  to  be  thrown  into  spirit,  and  then  hardened  in  90  per  cent 
of  alcohol ! — a  process  which  it  may  be  remarked  will  effectually 
destrcy  many  delicate  structures,  and  entirely  alter  all.  Briicke  states 
that  the  fluid  bears  chromic  acid  and  bichromate  of  potash  well,  but 
says  that  all  fluids  containing  glycerine  must  be  carefully  avoided ! 
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The  student  may  inject  with  this  mixture,  and  then  try  the  Prussian 
blue  fluid  recommended  in  p.  93,  and  compare  the  results. 

IBS.  MrrcartKl  ItOMtlnns  are  not  much  used  for  microscopical 
purposes,  although  mercury  was  much  employed  formerly  for  injecting 
lymphatic  vessels  and  the  ducts  of  glandular  organs.  The  pressure 
of  a  column  of  mercury  a  few  inches  in  height  is  alone  sufficient  to 
force  some  into  the  vessels.  The  mercurial  injecting  apparatus 
consists  of  a  glass  tube,  about  half  an  inch  in  diameter  and  twelve 
inches  in  length,  to  one  end  of  which  has  been  fitted  a  steel  screw 
to  which  a  steel  injecting  pipe  may  be  attached.  The  pipes  and 
stopcocks  must  be  made  of  steel,  for  otherwise  they  would  be  de- 
stroyed by  the  action  of  the  mercury. 

Of  Injecting  the  Vessels  of  the  Higher  Animals. 


18B.  or  tbc  Practical  Operation  vf  lnjccllnir. — It  is  genemll}' 
stated  that  a  successful  injection  cannot  be  made  until  the  muscular 
rigidity  which  comes  on  shortly  after  death,  and  which  afl"ects  the 
muscular  fibres  of  the  arteries  as  well  as  those  of  the  muscles  them- 
selves, has  pas.sed  off;  but  I  have  found  that  most  perfect  injections 
may  be  made  before  the  muscles  begin  to  contract,  that  is,  within  a 
few  minutes  after  the  death  of  the  animal.  All  my  fine  injections . 
have  been  made  less  than  five  minutes  after  death. 

The  student  will  find  that  the  ])rocess  of  injecting  will  be  learnt'' 
after  a  few  trials,  and  ahhough  he  may  quite  fail  in  the  first  attempts. 
he  makes,  I  earnestly  recommend  him  not  to  give  up,  for  this  mode  of  1 
investigation  is  of  the  greatest  advantage,  and  by  it  we  learn  facts  of  j 
great  anatomical  importance.  Every  one  engaged  in  the  investiga- 
tion of  the  anatomy  of  tissues  in  health  and  disease,  should  be  able 
to  inject  well,  and  by  employing  the  fluids  recommended,  it  will  be 
found  that  injections  can  be  made  without  much  sacrifice  of  time. 

The  steps  of  the  process  of  transparent  injection  are  very  similar 
to  those  taken  in  making  the  opaque  injections,  except  that  when 
size  is  employed,  the  specimen  must  be  placed  in  warm  water  until 
warm  through,  otherwise  the  size  will  solidify  in  the  smaller  vessels 
and  the  funher  flow  of  the  injecting  fluid  will  be  prevented.  Soaking 
for  many  hours  is  sometimes  necessary  for  warming  a  large  prepara- 
tion through,  and  it  is  desirable  to  change  the  warm  water  frequently. 
The  size  must  also  he  kepi  warm,  strained  immediately  before 
and  well  stirred  up  each  time  the  syringe  is  filled. 

In  the  first  place  the  following  instruments  must  be  conveniently 
arranged  : — 

The  syringe  thoroughly  clean  and  in  working  order,  with  pipes, 
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ip-cwks,  and  corks.  One  or  two  scalpels.  Two  or  three  pairs  of 
larp  scissars.  Dissecting  forceps.  Bull's  nose  forceps.  Curved  needle 
ireaded  with  silk  or  thread,  the  ihickneM  of  the  biter  depending 
ipon  the  size  of  the  vessel  to  be  tied.     Wash-bottle.     Injeclingfluid 

a  small  ves.sel.  Plenty  of  warni  water  if  the  injection  is  to  be 
ide  with  fluid  containing  size  or  gelatin. 

The  student  is  recommended  to  practise  the  process  by  injecting 
le  organs  and  animals  in  the  order  in  which  they  are  enumerated, 
id  not  to  attempt  the  second  until   he  has  succeeded  with  the  first. 

ail  cases  the  operation  is  to  be  conducted  patiently,  and  very 
light  pressure  on  the  piston  is  to  be  exerted. 

1.  Kidneys  of  sheep  or  pig.- — Artery. 

2.  Eye  of  ox. — Artery. — Two  or  three  minutes  will  be  time  enough 
'to  make  a  complete  injection.  If  the  globe  becomes  very  much 
distended  by  the  injecting  process,  an  0[wning  must  be  made  in  the 
comea  which  will  permit  the  humours  of  the  eye  to  escape,  and 
thus  space  will  be  left  for  the  injection,  and  the  vessels  may  be  com- 
pletely distended. 

J,  Rat,  mouse,  ha^.— Injected  from  Ike  aorta. 

4-  Portion  of  intestine.— ^rff/iM  of  artery.  All  divided  vessels 
being  tied  before  commencing  to  inject,  pi.  XXV,  fig.  164. 

J.  Liver.  In  one  part  a  braneh  of  dad ;  in  a  second,  a  branch  of 
artery ;  in  a  third,  fertal  vein;  and  in  a  fourth,  hepaiie  vein.  The 
portal  and  hep.ilic  vein,  the  artery  and  portal  or  hepatic  vein,  or  the 
duct  and  portal  vein  may  be  injected  with  injections  of  different 
colours  in  one  piece  of  liver. 

Suppose  the  student  is  about  to  inject  a  frog.  An  incision  is 
made  through  the  skin,  and  the  sternum  divided  in  the  middle  line 
with  a  pair  of  strong  scissars  ;  the  two  sides  may  easily  be  separated, 
and  the  heart  is  exposed.  Next  the  sac  in  which  the  heart  is 
contained  (pericardium)  is  opened  with  scissars,  and  the  fleshy 
part  of  the  heart  seized  with  the  forceps  ;  a  small  opening  is  made 
near  its  lower  part,  and  a  considerable  quantity  of  blood  escapes 
from  the  wound^this  is  washed  away  careftilly  by  the  wash-bottle 
p.  86.  Into  the  opening — the  tip  of  the  heart  being  still  held  firmly 
by  the  forceps, — a  pipe  is  insened  and  directed  upwards  towards 
the  base  of  the  heart  to  the  point  where  the  artery  is  seen  to  be 
connected  with  the  muscular  substance.  Before  the  pipe  is  introduced. 
however,  a  lUtU  of  the  infecting  fluid  is  drawn  up  so  as  to  fill  it,  for  if 
this  were  not  done,  the  air  contained  in  the  pipe  would  necessarily  be 
forced  into  vessels,  and  the  injection  would  fail.  The  point  of  the 
pipe  can  with  very  little  difficulty  be  made  to  enter  the  artery.  The 
needle  with  the  thread  is  next  carried  round  the  vessel,  and  the 
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thread  seized  wiili  forceps,  the  needle  unthreaded  and  withdran-n.  m| 
ont;  end  of  the  thread  may  be  held  firmly,  while  the  needle  is  with- 
drawn over  it  in  the  opposite  direction.  The  thread  is  now  tied 
over  the  vessel,  so  as  to  include  the  Hj*  of  l/u  pipe  mly,  for  if  the 
pipe  be  tied  too  far  up,  there  is  great  danger  of  its  point  passing 
through  the  delicate  coals  of  the  vessel. 

The  syringe  having  been  well  washed  in  warm  water  before  com- 
mencing, its  nozzle  is  plunged  beneath  the  surface  of  the  mjecling 
fluid,  the  piston  moved  up  and  down  two  or  three  times,  so  as  to 
force  out  the  air  completely,  and  the  sjTinije  filled  with  fluid.  It  is 
then  connected  with  the  pipe, — which  is  firmly  held  by  the  finger 
and  thumb  of  the  left  hand, — with  a  screwing  movement  A  little 
of  the  injection  is,  however,  first  forced  into  the  wide  part  of  the 
pipe  so  as  to  prevent  the  possibility  of  any  air  being  included. 

The  pipe  and  syringe  being  still  held  by  the  left  hand,  tlie  piston 
is  slowly  and  gently  forced  down  with  a  slightly  screwing  movement 
with  the  right,  care  being  taken  not  to  distend  the  vessel  so  as  to 
endanger  rupture  of  its  coats.  The  handle  of  the  syringe  is  to  be 
kept  uppermost,  and  the  syringe  should  never  be  completely  emptied, 
in  case  of  a  little  air  remaining,  which  would  thus  be  forced  into  the 
vessel,  fig.  154,  pi.  XXIII.  The  injection  is  now  observed  running 
into  the  smaller  vessels  in  dilTerent  parts  of  the  organism. 

181.  Of  tbe  PreiHorc  rcqnlretf  for  lucceiHrui  l^lrrtlon. — The 
requisite  amount  of  pressure  for  forcing  the  injection  into  the  finest 
capillaries  may  be  obtained  without  usingthe  syringe,  i.  By  employ 
ing  a  long  tube,  to  one  end  of  which  is  attached  a  small  piece  of  India- 
rubber  tube  ftimished  with  a  stop-cock  which  fits  into  the  injecting 
pipe.  2.  By  placing  the  injecting  fluid  in  a  vessel  three  or  four  feet 
above  the  table  and  immersing  a  syphon  tube  which  may  be  entirely 
composed  of  India-rubber  or  partly  of  glass.  3.  By  arranging  a  glass 
vessel  upon  the  principle  of  the  wash-bottle,  p.  86,  pi.  XXIII,  fig.  153, 
pressure  upon  the  surface  of  the  liquid  being  jiroduced  by  the  aid  of 
an  India-rubber  bottle  compressed  by  a  weight  or  spring,  or  by 
pouring  mercury  into  the  tube  which  reaches  nearly  to  the  bottom 
of  the  flask.  The  other  tube  must  of  course  also  dip  below  the 
surface  ofthe  injecting  fluid  while  to  its  upper  free  end  a  piece  of 
India-rubber  tubing  provided  with  a  slop-cock  at  its  extremity,  must 
be  adapted.  Other  arrangements  have  also  been  proposeil,  but  after 
having  tried  many  different  plans,  I  find  that  upon  the  whole,  the 
ordinary  injecting  syringe  is  the  most  successful  as  well  as  the  cheapest, 
the  most  convenient,  and  the  most  simple  instrument,  and  it  is  most 
easily  kept  in  perfect  order.  It  need  scarcely  be  said  that  by  no 
litnechanical  means  can  such  varieties  of  pressure  be  obtained  as  by 
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the  aid  of  the  muscles  of  the  hand  and  arm,  and  the  pressure  can  be 
modified  instantly,  according  to  the  judgment  of  the  operator. 

188,  Of  liUeeClnff  (be  Doeto  of  Glmnds.^ — The  modes  of  injecting 
which  have  just  been  considered,  although  applicable  to  the  injection 
of  vessels,  are  not  adapted  for  injecting  the  ducts  and  glandular 
structure  of  glands ;  for  as  the  ducts  usually  contain  a  quantity  of 
the  secretion,  and  are  always  lined  with  epithelium,  it  happens  that 
when  we  attempt  to  force  fluid  into  the  duct,  the  epithelium  and 
secretion  are  driven  towards  the  secreting  structure  of  the  gland,  which 
is  thus  effectually  plugged  up  with  a  material  which  is  colourless. 
There  is  therefore  no  hope  of  making  out  the  origin  of  the  ducts  and 
their  relation  to  the  secreting  structure.  It  is  obviously  useless  to 
introduce  an  injecting  fluid,  for  the  greatest  force  which  could  be 
employed  would  be  insufficient  to  drive  the  contents  of  the  follicles 
and  ducts  through  the  basement  membrane,  and  the  only  possible 
result  of  such  an  attempt  would  be  rupture  of  the  thin  walls  of  the 
secreting  structure  and  extravasation  of  the  contents.  As  I  have 
before  mentioned,  partial  success  has  been  obtained  by  employing 
mercury,  but  the  preparations  thus  made  are  not  adapted  for  micro- 
scopical observation. 

I  had  long  felt  very  anxious  to  inject  the  ducts  of  the  liver  in 
order  to  ascertain  the  manner  in  which  they  commenced  in  the  lobule, 
and  the  precise  relation  which  they  bore  to  the  liver  cells.  This  has 
long  been  a  point  of  dispute  among  microscopical  observers,  anc' 
many  different  and  incompatible  conclusions  have  been  arrived  at  b) 
different  authorities.  In  order  to  prove  the  point  satisfactorily  it  was 
obviously  necessary  to  inject  the  ducts  to  their  minute  ramifications, 
which  no  one,  as  far  as  I  was  able  to  ascertain,  had  succeeded  in 
doing  satisfactorily.  After  death  the  minute  ducts  of  the  liver  always 
contain  a  little  bile.  No  force  which  can  be  employed  is  sufficient 
to  force  this  bile  through  the  basement  membrane,  for  it  will  not 
permeate  it  in  this  direction.  When  any  attempt  is  made  to  inject 
the  ducts,  the  epithelium  and  mucus,  in  their  interior,  form  with  the 
bile  an  insurmountable  barrier  to  the  onward  course  of  the  injection. 
Hence  it  was  obviously  necessary  to  remove  the  bile  from  the  ducts 
before  one  could  hope  to  make  a  successful  injection.  It  occurred 
to  me,  that  any  accumulation  of  fluid  in  the  smallest  branches  of  the 
portal  vein  or  in  the  capillaries,  must  necessarily  compress  the  ducts 
and  the  secreting  structure  of  the  liver  which  fill  up  the  intervals 
between  them.  The  result  of  such  a  pressure  would  be  to  drive  the 
bile  towards  the  large  ducts  and  to  promote  its  escape.  Tepid  water 
was,  therefore,  injected  into  the  portal  vein.  The  liver  became 
greatly  distended,  and  bile,  with  much  ductal  epithelium,  flowed  by 
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drops  from  the  divided  extremity  of  the  duct.  The  bile  soon  became 
thinner  owing  to  its  dilution  with  water  which  permeated  the  inter- 
vening membrane,  anil  entered  the  ducts.  These  long  narrow  highly 
tortuous  channels  were  thus  eflfeclually  washed  out  from  the  point 
where  they  commenced  as  tubes  not  more  than  i-^oooth  of  an  inch 
in  diameter,  to  their  termination  in  the  common  duct,  and  much  of 
the  thick  layer  of  epithelium  lining  their  interior  was  washed  out  at 
the  same  time.  The  water  was  removed  by  placing  the  liver  in  cloths 
with  sjjonges  under  pressure  for  twenty-four  hours  or  longer.  All  Ihe 
vessels  and  the  duct  were  then  perfectly  empty  and  in  a  favourable 
sute  for  receiving  injection.  The  duct  was  first  injected  with  ft' 
coloured  material.  Freshly  precipilated  chromate  of  lead,  white  lead,.' 
vermilion,  or  other  colouring  mailer  may  be  used,  but  for  many 
reasons  to  which  I  have  alluded,  the  Prussian  blue  injection  is  the 
one  hest  adapted  for  this  purpose.  It  is  the  only  material  which 
furnisher  good  results  when  the  injected  prei>arations  are  required  to 
be  submitted  to  high  magnifying  powers.  Preparations  injected 
this  manner  should  be  examined  as  transparent  objects,  p,  901  Thi 
may  be  mounted  in  the  ordinary  preservative  fluids  or  in  Cam 
balsam,  but  glycerine  forms  the  most  satisfactory  medium  for 
preservation. 

I  have  recently  succeeded  in  making  most  perfect  injections 
the  ducts  of  the  liver  which  demonstrate  conclusively  the  cell  coi 
taining  network  of  the  lobule  and  its  connection  with  the  finest  gaS' 
ducts.     The  injection  may  be  seen  around  the  hepatic  cells 
lie  in  the  tubes  of  the  network. 

is».  or  injeniDB  Limpiiuic  Vessels. — It  is  Very  difhcuTt  lo  fincll 
and  insert  a  pii>e  into  a  lacteal  or  lymphatic  vessel.  When  it  is  de^red" 
to  inject  these  tubes  it  is  usual  to  insert  the  pipe  into  the  large  trunk 
of  the  thoracic  ducL  I  have,  however,  found  that  by  injecting  water 
into  the  bhad  vessds^  the  lymphatics  and  lacieals  of  a  part  of  the 
body  or  of  an  organ  become  distended  by  the  transudation  of  the 
fluid,  and  in  this  distended  state  it  is  easy  to  insert  the  pipe. 
The  pipe  having  been  tied  in  the  vessel,  the  walo'  is  absorbed  as 
described  in  §  188,  and  the  injection  may  then  be  forced  in,  care 
being  taken  to  use  very  gradual  pressure,  so  that  the  coats  of  the 
lacteal  or  IjTnphatic  may  be  sufficiently  stretched  to  allow  the  injec- 
tion lo  pass  between  the  valves,  without  bang  mpturtd.  In  this  way 
I  have  succeeded  in  making  beautiful  injections  of  the  finest  lym- 
phatics of  the  liver.     (Archives,  vol.  I,  p.  ri3.)     PI.  XXIV,  fig.  160. 

Sometimes  lymphatics  may  be  injected  by  extravasation  from 
duct  and  more  rarely  from  a  vessel.       I  have  often   injected  the 
lymphatics  of  the  liver  when  farcing  the  injection  into  the  duct. 
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Some  observers  think  they  have  succeeded  in  bjecling  very  minute 
lymphatic  vessels  and  demonstrating  that  these  are  continuous  with 
the  capillaries.  Such  lymphatics  are  considered  to  ramify  in  the 
intervals  between  epithelial  cells.  It  is,  however,  doubtful  if  tlie  facts 
observed  have  been  correctly  interpreted. 


OF    INJECTING   THE    LOWER   ANIMALS- 


!••.  Innecta. — Injections  of  insects  may  be  made  by  forcing  the 
injection  into  the  general  abdominal  cavity,  whence  it  passes  into  the 
dorsal  vessel  and  is  afterwards  distributed  to  the  system.  The 
superfluous  injection  is  then  washed  away,  and  such  parts  of  the 

I  body  as    may  be    required,   removed  for  examination.       Insects 

I  ^ould  be  injected  very  soon  after  they  have  emerged  from  the 

I  pupa. 

"he  water   vascular    apparatus,    the   vessels,    and   the   digestive 

J  tube  may  be  injected  in  many  of  the  lower  animals.     In  some  cases 

I   the  best  result?  will  be  obtained  with  size  coloured  with  transparent 

<  colouring  matter ;  in  otiiers  it  will  be  found  better  to  employ  the 
Prussian     blue     or  carmine    injecting  fluid   made  with    glycerine, 

'  p.  95-  In  injecting  [he  digestive  apparatus  of  some  entozoa  as  the 
liver-fluke,  the  pipe  may  be  tied  in,  but  as  a  general  rule  it  is  only 
necessary  to  make  an  opening  into  the  vessel  and  insert  the  pipe 
which  must  be  held  steadily  while  the  injection  is  carefully  forced 
from  the  orifice.  In  many  fine  injections  a  pipe  of  the  form  repre- 
sented in  pi.  XXni,  fig.  157,  with  a  blunt  point  and  a  lateral  open- 
ing will  be  found  of  great  advantage.  Coloured  fluids  will  rise  in  the 
vessels  of  most  plants  by  capillary  attraction,  and  occasionally  the 

I  vessels  of  some  of  the  tissues  of  animals  may  be  partially  injected 

I  in  the  same  way. 

191.  noiiuHa.  {Slug,  sn£ul,  oyster,  &c.) — The  tenuity  of  the 
vessels  of  many  moUusca  renders  it  undesirable  to  tie  the  pipe  in  them. 
The  capillaries  are.  however,  usually  very  large,  so  that  the  injection 
runs  readily.  In  diflerent  parts  of  the  bodies  of  these  animals  are 
numerous  lacunx  or  spaces,  which  communicate  directly  with  the 
vessels.  If  an  opening  be  made  through  the  integument  of  the 
muscular  foot  of  the  snail,  a  pipe  may  be  inserted,  and  thus  the 

b  vessels  may  be  injected  fi'om  these  lacunae  with  comparative  facility. 

I  The  large  vessels  of  the  branchite  may  be  readily  injected  with  the 

k  sid  of  a  pipe  of  the  form  represented  in  pi.  XXIII,  fig.  157. 

Milne  Edwards  injected  the  snail  by  passing  the  pipe  through  an 

I  opening  made  with  a  sharp  instrument  at  the  base  of  the  tentacle. 
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In  this  case  the  injecting  fluid  passes  into  lacunx  or  spaces  and  fil]>  J 
the  venous  system,  but  as  has  been  shown  by  Mr.    Robertson, 
Oxford,  the  arteries  are  not  injected  by  this  method  (On  the  OrgansJ 
of  Circulation  of  tlie   Roman  Snail,  Helix   Pomatia.     Annals  i 
Magazine  of  Natural  History,  January,  1867). 

10Z.     Hr.  RaIicrtBon>a  Plui   of   laJtetlaK  the   Bnatl. — This   skilftllj 
anatomist  recommends  another  plan  of  proceeding.     The  snails  a 
to  be  killed  by  drowning  them  in  a  jar  quite  filled  with  cold  water,'B 
the  mouth  being  closed  with  a  piece  of  plate  glass. 

The  vascular  system  is  to  be  injected  from  the  ventricle  of  tfael 
heart  with  size  and  carmine.     The  heart  of  the  snail  is  easily  found. 
It  is  enclosed  in  a  sac  which  is  situated  at  the  posterior  extremity  oCfl 
the  pulmonary  chamber  on  the  left  side.     The  position  of  the  organsij 
ol  the  snail  has  been  fully  described  by   Dr.   Lawson,  in  : 
published  in  the  Mic.   Journal  for  January.  1863.      The  injectioiL| 
introduced  into  the  heart  passes  right  round  the  body  and  re 
the  pulmonary  chamber.     By  this  plan  the  arterial  branches  may 
be  traced  into  the  foot  and  to  many  other  parts  which  were  con- 
sidered to  be  destitute  of  arteries.     Mr.   Robertson  has  arrived  at 
the  conclusion  that  in  snails  there  exists  a  dosed  capillary  system  \ 
Mmmumcaling  directly  with  the  arteries  en  the  one  hand  and  the  zw/w'l 
on  tlie  other  as  in  the  higher  animals ;  and  he  has  completely  failed  to^ 
demonstrate  the  existence  of  any  direct  communication  between  the 
spaces  or  lacunae  in  the  various  tissues  and  tlie  vascular  system.     It 
is  probable  that  in  the  motlusca  the  capillaries  are  arranged  as  in  the 
higher  animals,  but  they  are  wider,  and  their  walls  being  so  very  thin.  | 
it  requires  great  skill  to  inject  them  without  extravasation. 

IBS.  iniectiuB  Piihm. — The  vessels   of  fishes  are  exceedingly^ 
tender,  and  great  caution  is  required  in  filling  them.     It  is  often/ V 
difficult  or  quite  impossible  to  tie  the  pipe  in  the  vessel  of  a  small  I 
lish.     If  we  attempt  to  inject  from  the  heart,  the  injection  fjasses  to  1 
the  gills,  but  it  is  seldom  that  it  runs  through  these  and  penetrates  \ 
the  systemic  vessels.     It  is  usual  therefore  to  proceed  thus, — the  tail,  j 
of  the  fish  is  to  be  cut  off,  and  the  pipe  introduced  into  the  divided  [ 
vessel  which  lies  immediately  beneath  the  spinal  column.     In  this  \ 
simple  manner  beautiful  injections  of  a. fish  may  sometimes  be  nwdc, 
In  small  fishes  in  which  the  vessels  arc  too  delicate  to  be  tied,  a 
good  injection  may  be  made  by  simply  placing  the  pipe  in  the  vessel. 
As  the  fluid  is  so  cheaj),  a  considerable  loss  Is  of  no  importance. 

IW-I.   or  PrcparliiB  Portloni  of  m)eet««l  PreiMratlona  fur  MIer*. 
•coplcaj  ExKiDla«UiiD.  —  Preparations  made  by  injecting  colouring   \ 
matters  suspended  in  water  or  gelatine  may  be  mounted  in  various 
preservative  fluids,  or  dried  and  placed  in  balsam.     When  thin. 
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tissues,  such  as  the  mucous  membrane  of  the  intestines  or  other  parts, 
have  been  injected,  it  is  necessary  to  lay  them  perfectly  flat,  and  wash 
the  mucus  and  epithelium  from  the  free  surface,  either  by  forcing  a  cur- 
rent of  water  from  the  wash-bottle,  or  by  placing  them  in  water  and 
brushing  the  surface  gently  with  a  camel's  hair  brush.  Pieces  of  a  con- 
venient size  may  then  be  removed  and  mounted  in  solution  of  naphtha 
and  creosote,  in  dilute  alcohol,  in  glycerine,  or  in  gelatine  and  glyce- 
rine. The  most  important  points  in  ordinary  injections  may  be  shown 
if  the  preparation  be  dried  and  mounted  in  Canada  balsam.  The 
specimen  must,  in  the  first  place,  be  well  washed  and  floated  upon  a 
glass  slide  with  a  considerable  quantity  of  water,  which  must  be 
allowed  to  flow  off"  the  slide  very  gradually.  It  may  then  be  allowed 
to  dry  under  a  glass  shade,  in  order  that  it  may  be  protected  from 
dust.  The  drying  should  be  effected  at  the  ordinary  temperature  of 
the  air,  but  it  is  much  expedited  if  a  shallow  basin  filled  with  sulphuric 
acid  be  placed  with  it  under  the  same  bell-jar,  p.  76,  pL  XX,  fig.  131. 

Of  solid  organs,  such  as  the  liver  and  kidney,  thin  sections  from 
the  interior  made  in  different  directions,  as  well  as  portions  from  the 
surface  should  be  preserved.  Thin  sections  may  be  made  with  the 
ordinary  scalpel  or  with  Valentin's  knife,  if  an  extensive  one  be 
required.  The  surfaces  of  the  section  should  be  well  washed,  and  it 
may  then  be  mounted  in  one  of  the  methods  previously  described. 

Specimens  which  have  been  injected  with  Prussian  blue  or  car- 
mine injecting  fluids,  the  composition  of  which  is  given  in  pp.  93,  95, 
must  be  preserved  in  glycerine  containing  a  trace  of  free  acetic  acid 
(S  to  15  drops  to  the  ounce).  The  advantage  of  this  plan  is  that  it 
enables  us  not  only  to  observe  the  arrangement  of  the  vessels,  but 
also  to  study  all  the  other  structures  entering  into  the  composition  of 
the  tissue  or  organ. 

Injections  as  Moist  Specimens  and  Mounted  in  Canada  Balsam. 

The  observer  will  be  surprised  at  the  great  differences  observed 
in  the  same  texture  according  to  the  method  in  which  it  is  pre- 
pared. I  have  already  adverted  to  the  objections  of  mounting  moist 
tissues  in  balsam.  Although  most  observers  in  Germany  still  pursue 
this  plan  for  preserving  their  injections,  it  will  be  condemned  as 
unsatisfactory  by  any  one  who  has  tried  the  method  of  mounting 
the  specimen  moist  in  strong  glycerine.  Not  only  are  the  nuclei  of 
the  vessels  for  the  most  part  destroyed  by  the  process  of  mounting 
in  balsam,  but  many  very  important  elements  of  the  tissue,  and  espe- 
cially nerve  fibres,  are  so  changed  that  they  cannot  be  recognised, 
or  are  completely  obliterated.  The  capillaries  themselves  are  so 
shrunk  and  changed  that  very  wrong  conclusions  would  be  arrived 
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at  if  balsam  specimens  only  are  submitted  to  eJtamination. 
figs.  165  and  166,  pi,  XXV,  specimens  of  the  very  same  tissue 
are  represented  prepared  according  to  the  different  plans  referred 
to,  but  magnified  by  the  same  powers.  Let  the  reader  observe  the 
different  diameter  of  the  vessels  and  note  how  many  points  are  dis- 
played in  the  moist  preparation  which  are  not  to  be  demonstrated  in 
the  one  preserved  in  balsam.  I  feel,  therefore,  compelled  to  reject 
inferences  arrived  at  fi-om  the  examination  of  balsam  specimi 
strongly  advise  the  student  not  to  be  misled  by  their  mere  shaipni 
and  bright  colour.  Such  preparations  undoubtedly  enable  us  to  foi 
a  general  idea  of  the  arrangement  and  number  of  the  capillaries  in 
different  textures,  and  in  this  respect  are  of  value,  but  they  are  use- 
less if  we  wish  to  leam  facts  concerning  the  relation  of  the  capillaries 
to  the  texture  lying  in  their  meshes,  the  structure  of  the  vessels  diem- 
selves,  or  that  of  the  tissues  in  which  they  ramify. 

10B.  Of  tbebesi  Mode  oT  DoIniTinK  the  UTt  aTAnlniBli  Inttnae* 
fiir  injertlon.^ — I  have  tried  various  plans  of  destroying  animab  in- 
tended for  minute  injection,  and  have  found  that  in  death  by  sudden 
shock  the  vessels  reniain  in  a  relaxed  state  for  a  sufficient  time  afler 
death  to  enable  us  to  complete  the  injection.     In  some  cases  a  goodt 
result  is  gained  by  destroying  life  in  an  atmosphere  of  carboni 
but  I  find  that  the  very  sudden  death  producetl  by  a  fall  from 
height,  dashing  on  the  ground,  &c.,  is  the  most  advantageous, 
small  animal  may  be  wrapped  up  in  a  cloth  and  thrown  suddenl] 
and  with  some  force  upon  the  ground.     In  order  to  avoid  1 
any  of  the  tissues  the  animal  must  be  protected   by  several  folds 
the  cloth.     Swinging  very  rapidly  through  the  air  also  destroys  lil 
very  suddenly,  without  causing  that  sudden  contraction  of  the  muscle^ 
which  seriously  interferes  with  successful  injection. 

Good  injections  may  be  made  after  the  rigor  mortis  has  entirely 
passed  off,  and  formerly  no  attempt  was  made  to  inject  before  this 
period.  But  when  the  muscles  have  again  become  relaxed  the  finer 
branchci  of  the  nerves  will  be  found  softened  or  entirely  destroyedj'', 
and  many  delicate  structures  so  much  altered  that  it  would  not 
possible  for  any  one  who  was  acquainted  with  their  natural  appear^ 
ance  to  recognise  them.  Hence  it  is  useless  to  put  off  the  operatioRi 
of  injection  if  we  desire  to  demonstrate  in  the  specimens  more  thaAi 
the  arrangement  of  the  capillaries  only. 
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OF  STAINING  TISSUES, 

The  plan  of  staining  tissues  artificially,  is  one  from  which  the 
greatest  advantages  have  been  derived  already,  and  it  is  quite  certain 
that,  by  modifications  of  the  processes  now  employed,  many  new 
and  most  important  facts  will  be  discovered.  It  is,  however,  impor- 
tant that  the  student  should  bear  in  mind  that  the  process  of  staining 
may  be  employed  for  two  very  different  purposes. 

1.  For  colouring  the  living  or  germinal  matter  of  the  cell  or 
texture. 

2.  For  demonstrating  peculiarities  in  the  build  of  the  formed 
materialy  cell  wall^  intercellular  substance  or  tissue^  and  for 
ascertaining  the  order  in  which  the  several  parts  of  which  it 
is  composed  have  been  laid  down. 

196.  or  Colonrinff  the  Germinal  or  LlTliiff  Matter. — ^This  living 
matter  is  in  all  cases  perfectly  clear  and  transparent  It  never  exhi- 
bits structure,  and  is  invariably  colourless.  It  possesses  an  acid 
reaction,  or,  to  speak  more  correctly,— an  acid  reaction  is  always 
developed  immediately  afler  its  death.  Hence  if  an  alkaline  solu- 
tion of  colouring  matter  from  which  the  colour  may  be  precipitated 
or  fixed  by  an  acid,  be  caused  to  pass  into  germinal  matter  which 
has  recently  died  but  has  not  yet  undergone  decomposition,  the 
alkali  is  neutralised  by  the  acid  present,  and  the  colour  is  retained. 
It  is  probably  precipitated  in  a  state  of  very  minute  subdivision,  or 
combined  with  some  of  the  constituents  of  the  germinal  matter  to 
form  a  compound  insoluble  in  weak  acids. 

Tlie  tissue  itself  or  formed  material  being  ordinarily  bathed  with 
an  alkaline  fluid  does  not  take  the  colour,  and  hence  by  carrying  out 
the  process  with  due  care  the  germinal  or  living  matter  may  cdways 
be  coloured  while  the  formed  material  or  tissue  remains  perfectly 
colourless.  Any  one  can  satisfy  himself  of  this  fact  by  placing  upon 
a  glass  slide  a  few  liver  cells  from  any  animal  immediately  after  its 
death.  If  a  drop  or  two  of  the  solution  of  carmine  in  ammonia 
be  allowed  to  flow  over  the  cells,  the  nucleus  or  mass  of  germinal 
matter  of  each  cell  will  be  tinted  in  the  course  of  a  few  seconds, 
while  the  outer  part  of  the  cell  will  not  be  affected. 

Staining  the  germinal  matter  may  be  carried  out  long  after  the 
death  of  the  animal  if  the  development  of  an  alkali  by  decomposi- 
tion be  prevented  by  alcohol  or  some  other  preservative  fluid. 
Specimens  should  be  immersed  in  a  preservative  fluid  immedicUely 
after  death.  In  practice,  however,  it  is  always  better  to  cany  out 
the  staining  process  at  once. 

It  must  not  be  inferred  that  animal  matter  can  be  stained  by 
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alkaline  colouring  fluids  only.     Solutions  of  an  3cid  reaction 
employed  if  the  geiminal   matter  be  rendered  alkaline  in  the  lirat 
instance  by  soaking  the  texture  in  a  weak  solution  of  ammonia.     I 
have  prepared  some  beautiful  specimens  as  follows  : — An  alkaline 
solution  was  injected  Into  the  vessels,  and  after  allowing  twelve  hot 
or  more  for  the  tissues  to  become  thoroughly  permeated,  the  fines 
Prussian  blue  fluid,  see  part  V,  was  introduced.     The  latter  pas; 
into  the  very  substance  of  the  germinal  matter,  which  was  tinged 
much  more  deeply  than  the  surrounding  substance.     The  liver  cell 
may  be  thus  impregnated  with  the  blue  in  every  part.     It  seems  pro- 
bable that  by  proseoiting  more  detailed  enquiries  in  this  direction,, 
we  may  learn  something  concerning  the  physical  arrangement  of  thi 
matter  constituting  the  formed  material.     Specimens  prepared  in  th^ 
way  enable  us  to  prove  the  unsoundness  of  the  old  notion  concerrw 
ing  the  supposed  cell  wall  and  cell  contents;  but  ia  endeavourin| 
draw  correct  inferences  regarding  the  natural  arrangement   of 
parts  prqiarcd  in  this  way,  it  must  not  be  forgotten  that  the  alkalii 
ammonia  may  have  effected  alterations  in  the  formed  material, 
modified  its  structure  in  an  important  manner. 

■  •T.  Pnwew  of  KUdnlng  followed  b;  the  Rev.  Lord.  %.  0. 0«borse. 
^Welckcr  was,  I  believe,  one  of  the  first  observers  to  employ  a 
solution  of  carmine  for  the  purpose  of  staining  the  nuclei  of  tissues, 
and  Gerlach  was  an  early  and  most  successful  advocate  of  this  plan. 
It  has  been,  but  I  think  wrongly,  stated,  that  Gerlach  was  the  first' 
who  employed  this  process.  The  date  of  Gerlach's  work  is  185a 
(MikroskopischeStudienausdemGebiete  der  Menschlichen  Morpho* 
logic.  Eriangen).  But  in  June,  1856,  the  Rev.  Lord  S,  G.  Osborne 
showed  that  nuclei  were  more  deeply  tinged  by  carmine  than  oth< 
parts  of  the  cell.  (Vegetable  Cell  Stnicture  and  its  Formation, 
seen  in  the  early  stages  of  the  Growth  of  the  Wheat  Plant).  See  i 
the  plate  accompanying  this  paper  (Trans.  Mic.  See,  vol.  V,  pi.  IVj 
1856).  Lord  Osborne  allowed  the  plants  to  grmo  in  the  canaiDi 
solution.     The  growing  parts  were  stained  most  successfully. 

l»S.  OerlMb'H  Method  of  BtNlnluR. — Gerlach  used  first  a  con- 
centrated solution  of  carmine  in  ammonia,  and  placed  the  scctiom' 
of  brain  and  spinal  cord  previously  hardened  by  chromic  acid,  in  the. 
carmine  fluid  for  from  ten  to  fifteen  minutes.  They  were  then  well 
washed  in  water  for  some  hours,  and  treated  with  acetic  acid.  The 
w.iter  and  acid  were  removed  by  immersion  in  alcohol.  The  sectioDS 
were  afterwards  mounted  in  Canada  balsam.  Gerlach  found  that' 
dilute  solutions  (two  or  three  drops  of  the  ammoniacal  solution  o{j 
carmine  to  an  ounce  of  water),  and  maceration  for  two  or  three  daySf 
afforded  better  results. 
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199.  Tbe  Author**  Cmrmlne  nuld  for  staining  the  germinal  matter 
is  made  as  follows : — 

Carmine,  10  grains. 

Strong  liquor  ammoniae,  i  drachm. 

Price's  glycerine,  2  ounces. 

Distilled  water,  2  ounces. 

Alcohol,  i  otmce. 
The  cannrae  in  small  fragments  is  to  be  placed  in  a  test  tube,  and 
the  ammonia  added  to  it.  By  agitation,  and  with  the  aid  of  the  heat 
of  a  spirit-lamp,  the  carmine  is  soon  dissolved.  The  ammoniacal 
solution  is  to  be  boiled  for  a  few  seconds  and  then  allowed  to  cool. 
After  the  lapse  of  an  hour,  much  of  the  excess  of  ammonia  will  have 
escaped.  The  glycerine  and  water  may  then  be  added  and  the 
whole  passed  through  a  filter  or  allowed  to  stand  for  some  time,  and 
the  perfectly  clear  supernatant  fluid  poured  off  and  kept  for  use. 
This  solution  will  keep  for  months,  but  sometimes  a  little  carmine  is 
deposited,  owing  to  the  escape  of  ammonia,  in  which  case  one  or  two 
drops  of  liquor  ammoniae  may  be  added  to  the  four  ounces  of 
carmine  solirtron. 

The  rapidity  with  which  the  colouring  of  a  tissue  immersed  in  this 
fluid  takes  place,  depends  partly  upon  the  character  of  the  tissue  and 
partly  upon  flie  excess  of  ammonia  present  in  the  solution.  If  the 
solution  "be  very  alkaline  the  colouring  will  be  too  intense,  and  much 
of  the  soft  fissu^  or  imperfectly  developed  formed  material  around 
the  germinal  matter,  is  destroyed  by  the  action  of  the  alkali.  If,  on 
the  other  hand,  the  reaction  of  the  solution  be  neutral,  the  uniform 
staining  of  tissue  and  germinal  matter  may  result,  and  the  appear- 
ances from  which  so  much  may  be  leanat  are  not  always  produced. 
When  the  vessels  are  injected  with  the  Prussian  blue  fluid  the 
carmine  fluid  requires  to  be  sufficiently  alkaline  to  neutralise  the  free 
acid  present  The  permeating  power  of  the  solution  is  easily 
increased  by  the  addition  of  a  little  more  water  and  alcohol.  In 
some  cases  the  fluid  must  be  diluted  with  water,  alcohol,  or  glycerine, 
and  the  observer  must  not  hastily  condemn  the  process,  or  conchxle  as 
some  have,  that  a  particular  form  of  germinal  matter  is  not  to  be  coloured 
until  they  have  given  the  plan  a  fair  trial  and  tried  a  few  experiments. 
Notwithstanding  the  advantages  of  the  above  plan  and  its  success 
in  the  hands  of  many  observers,  objections  have  been  urged  against 
it  by  some  who,  I  venture  to  think,  have  not  made  themselves 
familiar  with  the  details  of  the  method.  It  has  been  said  that  the 
formed  material  may  be  stained  as  well  as  the  germinal  matter.  As 
every  one  must  know,  almost  any  tissue  may  be  stained.  Hair,  horn, 
wool,  paper,  &c.,  may  be  deeply  dyed,  even  after  they  have  been 
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dried.  The  important  fact,  however,  is  this,  that  the  germinal  matter 
of  a  tissue  may  be  deeply  coloured,  although  the  formed  material 
which  must  be  traversed  by  the  staining  fluid  in  the  first  instance  is 
not  stained  at  all.  This  is  the  case  with  all  germinal  matter,  and  it 
seems  to  me  a  fact  of  far  higher  significance  than  is  generally  ad- 
mitted. By  the  process  of  investigation  described  it  becomes  pos- 
sible not  only  to  distinguish  germinal  matter  in  all  cases,  but  to  show 
definitely  the  mode  of  formation  of  the  tissue.  And  in  many 
instances  we  can  determine  which  is  the  oldest  and  which  the 
youngest  portion  of  the  tissue.* 

>••.  Thiersch's  CarmlBe  nald. — Frey  (Das  Mikroskop)  gives 
Thiersch's  fluids  for  colouring  tissues  by  carmine. 

Carmine,  i  part 
Caustic  ammonia,  i  part 
Distilled  water,  3  parts. 
This  solution  is  to  be  filtered. 
Oxalic  acid,  i  part 
Distilled  water,  22  parts. 

One  part  of  the  carmine  solution  is  to  be  mixed  with  8  parts 
of  the  oxalic  acid  solution,  and  12  parts  of  absolute  alcohol  are  to 
be  added. 

If  the  solution  is  orange-coloured  instead  of  dark  red,  more  am- 
monia is  required,  and  the  orange  becomes  red.  The  orange  colour 
may  also  be  used  for  staining.  If  crystals  of  oxalate  of  ammonia 
become  formed  they  must  be  separated  by  filtration. 

S91.  Thiersch's  Ulae  Coloarln^  nutd. — 

Borax,  4  parts. 
Distilled  water,  56  parts. 
Dissolve  and  add,  of  carmine,  i  part. 

The  red  solution  is  to  be  mixed  with  twice  its  volume  of  absolute 
alcohol,  and  filtered.  The  precipitate  of  carmine  and  borax  is  re- 
dissolved  in  distilled  water  and  is  ready  for  use.  It  colours  more 
slowly  than  the  red  solution. 

^•s.  AnUln  coloars. — The  beautifiil  reds  and  blues  which  have 
been  lately  so  largely  used  as  dyes,  popularly  known  in  this  country  as 
Magenta  and  Solferino,  have  been  much  employed  by  microscopists. 
The  colour  is  not  very  soluble  in  water,  but  is  readily  dissolved  by 

•  In  a  paper  on  the  ova  of  the  stickleback  (Microscopical  Journal,  Jan.  1867), 
Dr.  Ransom  has  expressed  himself  against  the  plan  of  investigation  1  have  fol- 
lowed. His  objec'ions,  however,  are  not  valid,  and  some  of  the  remarks  he 
has  made  prove,  I  think,  that  he  has  not  succeeded  in  preparing  specimens  accord- 
ing to  my  method.  I  have  replied  to  some  of  my  friend's  statements  in  a  subsequent 
number  of  the  journal. 
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alcohol.  A  grain  of  the  colour,  ten  or  fifteen  drops  of  alcohol,  and 
an  ounce  of  distilled  water,  make  a  dark  red  solution ;  or  the  colour 
may  be  boiled  in  water,  allowed  to  cool,  and  then  filtered.  This 
fluid  colours  tissues  very  readily.  Many  exceedingly  delicate  and 
perfectly  transparent  textures,  which  are  almost  invisible  in  the 
natural  state,  can  be  most  satisfactorily  demonstrated  by  the  use  of 
this  coloured  fluid.  The  cilia  of  ciliated  epithelium  may  be  tinted 
while  they  continue  to  vibrate.  As  the  substance  of  the  cell  becomes 
coloured,  however,  the  action  of  the  cilia  ceases.  Every  kind  of 
cell  wall,  delicate  membrane,  and  transparent  tissue  may  be  tinted 
with  these  colours. 

Magenta  has  been  recommended  by  Dr.  Roberts  for  showing  a 
minute  spot  connected  with  the  red  blood  corpuscles  of  man.  ("  On 
peculiar  appearances  exhibited  by  blood  corpuscles  under  the  influ- 
ence of  solutions  of  magenta  and  tannin"— /Vv^sft/w^j  of  ilu  Royal 
Society^  voL  XII,  p.  481,  No.  55,  April,  1863).  The  peculiar  action 
exerted  by  magenta  and  tannin  upon  the  red  blood  corpuscles  has 
not  yet  been  satisfactorily  explained,  but  my  friend,  Dr.  Hughes 
Bennett,  of  Edinburgh,  tells  me  that,  with  the  aid  of  very  high  powers, 
he  has  been  able  to  demonstrate  that  the  minute  spot  appearing  after 
the  blood  corpuscles  have  been  soaked  in  magenta  exhibits  angles,  and 
he  considers  that  it  is  in  fact  a  minute  crystal  which  has  formed  upon 
the  corpuscle. 

s«s.  Blae  Colours  for  stalniiiff. — ^Thiersch  recommends  the  fol- 
lowing fluid,  the  composition  of  which  I  take  from  Frey  : — 

Oxalic  acid,  i  part 

Distilled  water,  22  parts. 

Indigo  carmine,  as  much  as  the  solution  will  take  up. 

Another  solution  of  oxalic  acid  and  water  in  the  same  propor- 
tion is  required.  One  volume  of  the  first  solution  is  mixed  with  two 
volumes  of  the  last  and  nine  of  absolute  alcohol.  The  mixture  is 
then  filtered,  and  is  ready  for  use. 

An  anilin  blue  fluid  may  be  made  as  follows  : — 

Soluble  anilin  blue,  -^  grain. 
Distilled  water,  i  ounce. 
Alcohol,  25  drops. 

This  fluid  is  not  acted  upon  by  acids  or  alkalies.  Frey  strongly 
recommends  a  fluid  of  this  description  as  very  useful  for  colouring 
many  tissues. 

s»4.  Tannin. — Although  tannin  does  not  colour  animal  membrane, 
it  alters  its  character  to  such  an  extent  as  to  enable  us  to  see  many 
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peculiar  points  of  structure  or  anaiigement  not  visible  before,  c 
produces  a  chemical  change  upon  the  substance,  from  which 
gain  important  information.     Solutions  of  magenta  and  solution: 
t:tnnin  have  been  much  used  in  investigations  upon  the  blood  coiv 
puscles.     The  action  of  tannin  upon  the  red  blood  corpuscle  is  very 
peculiar ;  it  has  been  specially  studied  by  Dr.  Roberts,  of  Manchester 
("On  peculiar  appearances  exhibited  by  blood  corpuscles  under  the 
influence  of  solutions  of  Magenia  and  Tannin" — Proceedirfgs  of  Iht 
Rnyal  Society,  vol.  XIT,  p.  481.  No.  55,  April,  1863).     The  solution 
is  made  by  dissolving  3  grains  of  tannin  in  an  ounce  of  distilled 
water.     One  drop  of  blood  may  be  mixed  with  four  or  five  dropa, 
of  the  tannin  solution  and  a  portion  of  the  mixture  examined  utidt 
the  microscope. 

S«S.  Solution!  «f  nttrMc  of  MlTcr. — Of  late  years  nitrate  of  silver 
has  been  used  for  staining  tissues.     Recklinghausen  and  His  have 
employed  this  plan   with  great  success.     A  weak  solution  may  be 
imbibed  by  delicate  tubes,  and  part  being  precipitated  in  the  t 
perhaps  as  a  chloride  or  in  combination  with  some  albuminous 
terial,  subsequently  becomes  decomposed  by  the  action  of  light,  ai 
a  very  dark  line  results,  and  thus  the  position  of  a  previously  per- 
fectly invisible  channel    is   clearly  demonstrated.     The  outlines   of 
epithelial  cells  and  the  inlervah  between  them  may  be  demonstrated 
by  this  process.     Transparent  connective  tissue  and  the  outer  parf\ 
of  cdh  can  thus  be  coloured,  the  nuclei  remaining  perfectly  eolourle 
anil  transparent.      The    nuclei   by   longer  immersion  will    also 
coloured.*     The  appearances  may  be  made  to  vary  very  much 
modifying  the  mode  of  procedure  and  the  time  which  the  preparatii 
is  allowed  to  remain  in  the  solution.     After  soaking  in  the  nitrate 
silver  solution  for  some  lime  the  specimen  must  be  placed  in  di 
tilled  water,  or  in  a  weak  solution  of  common  salt,  in  order 
away  the  nitrate  which  adheres  to  the  surface  or  occupies  the  intervj 
between  the  cells.     When  this  has  been  eFfected   the  specimen  is 
exposed  to  daylight  or  sunlight  until  the  requisite  degree  of  blacken- 
ing has  been  obtained.     The  strength  of  the  solution  employed  may 
be  varied  according  to  circumstances.     Recklinghausen  uses  a  very 
dilute  solution,  consisting  of  j  part  of  nitrate  of  silver  to  401 
of  distilled  water. 

The  structure  of  the  cornea  has  been  recently  investigated  by  His 
after  the  tissue  had  been  prepared  according  to  this  plan.     The  sc 
called  '  intercellular  substance'  (formed  material)  only  may  be  coloured,^ 
or,  after  the  whole  structure  has  been  thoroughly  impregnated  widi^ 
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the  solution,  it  may  be  soaked  out  of  the  formed  matiirial, 
while  that  taken  up  by  the  nudei  (masses  of  germinal  matter)  is 
retained,  and  m^y  be  decomposed  by  being  exposed  to  lighL  In 
this  case  the  nuclei  appear  very  dark  and  surrounded  by  a  pa!e 
brown  formed,  material.  His  thinks  that  when  the  nuclei  are 
coloured,  the  precipitate  of  chloride  of  silver  in  the  formed  ma- 
terial is  re-dissolved  and  absorbed  by  the  nuclei,  in  which  it  is 
afterwards  reduced  by  the  action  of  the  light 

S«0.  SolDtlons  of  Chloride  or  Gald. — Weak  solutions  of  per- 
chloride  of  gold  have  been  much  used  of  late  years  for  colouring 
nerve  fibres,  which  after  exposure  to  light  exhibit  a  blue  or  violet 
tinge.  A  solution  containing  from  '2  to  i  per  cent  in  distilled  water 
should  be  made.  The  tissue  after  having  been  soaked  till  it  becomes 
straw-coloured  is  to  be  washed,  and  then  placed  in  very  dilute  acetic 
acid  containing  i  per  cent  or  less.  The  nerves  become  coloured  in 
the  course  of  a  few  hours.  By  this  plan  Cohnheim  professes  to  ha\'c 
made  out  very  fine  nerve  fibres,  which,  he  says,  pass  from  the  plexuses 
in  the  cornea  lo  intervals  between  the  cells  of  the  conjunctival  epithe- 
lium, and  after  reaching  the  surface  of  the  structure  end  in  terminal 
free  extremities.  I  think,  however,  we  should  receive  such  statements 
with  iheutmost  caution,  and  although  Professor  Kiilliker  has  accepted 
the  view,  I  cannot  adopt  it  without  much  stronger  evidence  than  has 
yet  been  advanced  in  its  favour.  Many  considerations  make  me 
tiiink  it  will  turn  out  to  be  incorrect.  Cohnheim's  drawings  alone 
excite  doubt  in  my  mind  concerning  the  accur.icy  of  his  observations, 
and,  at  least  in  my  hands,  the  mode  of  preparation  recommended 
has  not  afforded  results  nearly  so  satisfactory  as  I  have  obtained  by 
other  methods  of  investigation. 

■•T.  aointion  af  oamio  Add  (Os.  O^)  has  been  strongly  recom- 
mended for  demonstrating  delicate  nerve  structures  by  MM.  Schultze 
and  RoudnefT,  because  it  tinges  the  white  substance  of  Schwann  and 
Myelin  entering  into  the  formation  of  various  kinds  of  nerve  fibres,  of  a 
very  dark  colour  or  almost  black.  Other  textures  are  neither  coloure.l 
so  quickly  nor  so  intensely,  and  often  exhibit  only  a  brownish  tinL 
So  that  by  this  substance  nerve  fibres  ramifying  in  various  textures 
may  be  stained  and  thus  distinguished  from  other  elements  of  the 
tissue.  Solutions  of  various  strengths  may  be  employed,  but  one 
partofosmic  acid  in  100  of  water  is  stated  to  be  strong  enough  to 
produce  the  desired  effect.  These  processes  are  capable  of  almost 
endless  modification. 

I  have  also  tried  this  plan,  but  have  gained  nothing  by  its  use. 
1  can  show  finer  nerves  clearly  by  other  methods,  which  I  could  not 
demonstrate  either  by  tlie  gold  or  osmic  acid  solutions. 
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Z08.  Other  Aieuiillc  saiti. — Tissues  may  also  be  impregnated 
with  .solutions  of  other  metallic  salts.  Acetate  of  lead  has  often 
been  employed.  The  tissue  may  be  soaked  for  some  lime  in  a  weak 
solution,  or  a  weak  solution  with  a  little  glycerine  may  be  injected. 
When  the  tissues  are  well  saturated,  thin  sections  may  be  mad< 
and,  after  having  been  slightly  washed,  they  maybe  placed  in  a  dilut 
solution  of  glycerine,  through  which  sulphuretted  hydrogen  may 
passed.  Living  plants  will  take  up  solutions  of  various  metallic  sa! 
which  may  then  be  precipitated  in  the  textures  or  in  the  channels 
the  appropriate  reagents. 

>••.  ModitlcMlon  or  the  fiiresalns  Plana. — The  observer  will 
perceive  that  these  processes  are  capable  of  being  modified  in  many 
ways.  Every  one  engaged  in  a  special  investigation,  will  naturally 
try  various  modes  of  preparation.  Having  decided  upon  one  which 
seems  to  ofTer  considemble  advantages,  he  will  try  various  modifica- 
tions until  he  meets  with  success.  I  have  not  attempted  to  give  the 
minute  recommendations  of  various  observers  who  have  employed 
these  processes  j  but  merely  indicate  the  general  outline  of  the 
methods.  A  few  experiments  will  teach  the  obser\er  more  than  the 
most  minute  directions,  and,  however  carefully  directions  may  be- 
given,  it  is  seldom  that  anyone  succeeds  the  first  time  he  endeavoHi 
to  follow  them  out    Those  who  desire  to  do  real  work  in  thi 

nt,  must  be  patient,  and  must  work  on  steadily,  until  they 
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General  Observations. 
XI*.  On  straetore.— The  various  tissues  and  organs  of  animals 
and  plants  for  the  most  part  are  compound,  and  made  up  of 
several  distinct  elementary  structures.  For  example,  the  smallest 
portion  of  flesh  or  muscular  tissue,  which  can  be  removed  with  a 
knife  or  pair  of  scissars,  is  composed  of  several  distinct  structures. 
In  the  first  place  must  be  noticed  the  proper  substance  peculiar  to 
muscular  tissue,  in  which  the  characteristic  contractile  power  resides. 
Secondly,  at  least  in  most  cases,  we  find  a  tube  composed  of  perfect 
clear,  transparent,  almost  structureless  membiant,  in  which  thi 
tractile  substance,  or  sarcous  matter,  is  contained.  Thirdly,  there 
exists  a  certain  quantity  of  areolar  or  connective  tissue,  which  con- 
tinuous in  structure  with  the  sarcolemma,  connects  together  these 
elementary  fibres;  and  not  unfrequently  associated  with  this  is  a 
little  fatty  or  adipose  tissue.  Fourthly,  are  vessels  lying  between 
elementary  fibres  just  described,  in  which  the  blood  circulates. 
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the  supply  of  the  tissue  with  its  proper  nutritive  elements.  In  the  fifths 
place  we  find  nerve-fibres  running  in  itie  same  position  as  the  vessels, 
and  lastly,  at  le.ist  in  relation  with  som:;  of  the  fibres,  are  lymphjtic 
,  vessels.     The  student  may  refer  to  plates  XXVIl  and  XXVIII. 

Thus,  muscle  is  compcsjd  of  several  elementary  slniclures,  each 
Jtaving  special  anatomical  peculiarities,  and  differing  from  the  others 
Kin  physical  characters  and  chemical  properties.  Some  of  these 
t Structures   refract  light  very  highly;    others,    only  in  a  very  slight 

■  degree.  One  may  be  greatly  altered  or  even  destroyed  within 
I  a  very  short  time  after  the  muscle  has  been  removed  from  the 
I  body,  or  by  the  action  of  plain  water,  while  others  resist  tlecompo- 
isition  for  a  great  length  of  time.  The  characters  of  one  may  be 
I  flemonstrated  when  the  muscle  is  examined  in  water  ;  a  second,  when 
I'it  is  immersed  in  syrup  or  glycerine  ;  a  third,  when  the  specimen  is 

■  mounted  in  Canada  balsam  ;  while  the  arrangement  of  the  delicate, 

■  transparent,  capillary  vessels  cannot  be  satisfactorily  made  out  unless 
f  *  particular  plan  of  prepiration  be  adopted,  as  described  in  page  90. 

The  chemist  can  detectanumberof  other  compounds  the  presence- 
I  of  which  the  microscopical  observer  might  ever  remain  unconscious 
I  of,  for  they  are  dissolved  in  the  juices  of  the  muscle,  and  tlierefore 
I  incapable  of  being  detected  by  the  eye  alone. 

The  vast  difference  in  the  properties  of  the  several  textures  above 

r  enumerated  renders  it  very  difficult  to  demonstrate  all  in  one  single 

I  specimen,   for   the   circumstances   which    favour   the   exhibition   of 

one   structure  will   often  render  another  quite    invisible.      Hence, 

before  we  can  ho[)e  to  demonstrate    satisfactorily  the    anatomical 

peculiarities    of    any    one    of    these    different    textures    we    must 

become  aciiuaintcd  with  its  general  properties,  and    must  consider 

the  mode  of  examination  likely  to  be  most  efficient  in  rendering  these 

I  distinct 

The  walls  of  the  smallest  vessels  are  so  thin  and  transparent 
lat  it  is  necessary  to  fill  them  with  some  coloured  fluid  or  material 
I  more  or  less  opaque,  if  we  wish  to  see  the  mode  of  arrangement  of 
I  Ae  vascular  network,  while  this  same  process,  as  ordinarily  followed 
I  out,  precludes  the  possibility  of  tracing  the  finer  ramifications  of  the 
I  nerves  ;  moreover  other  elementary  tissues  are  hidden  and  compressed 
['  by  the  distended  ve.isels.  To  demonstrate  the  nerves,  all  the  other 
I  structures  must  be  rendered  as  iranspai  ent  as  possible,  by  the  applii  a 
I  lion  of  a  chemical  agent,  or  by  immersing  the  specimen  in  a  highly 
I  refracting  fluid.  In  order  to  show  the  membrane  in  which  the  con- 
I  tractile  lartvus  lissur  is  contained,  the  latter  must  be  ruptured  within 
[  it  in  a  perfectly  fresh  specimen,  or  it  must  be  separated  from  it 
\  by  pressure.     By  one  plan  of  proceeding  it  may  be  shown  that  the 
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elementary  filjre  of  mu 
number  of  minute  fibrilla,  arranged  parallel   to  each  other ;  whil 
under  other  circumstances  it  can  be  separated  transversely  into  a 
pile  of  small  disks,  or  into  a  number  of  small  elementary  panicles  of 
definite  form  and  size,  by  the  connection  of  which  to  the  contiguous 
particles,  fibrilla  or  disks  are  produced,  according  as  the  particles 
adhere  to  each  other  most  intimately  by  their  sides  or  by  their  ends. 
I  might  adduce  many  other  instances  of  the  necessity  of  studyii 
the  general  character  of  tissues  before  any  minute  enamination  of 
individual  structures  is  attempted,  but  this  is  sufficient 

III.  On  Demonstrating  t&e  AnMIomlcaJ  P«puliuitlca  of  TIai 
— Now,  some  observers  who  bare  not  sufficiently  considered 
different  characters  of  the  elementary  structures  of  which  most 
the  organs  of  the  body  are  comi>osed,  have  strongly  objected 
what  they  term  mclhoiis  of  prtparalion,  asserting  that  by  these 
cesses,  smictnres  are  even  fornud  artificially  which  have  no  _ 
existence  in  the  natural  state  of  the  part  For  this  view  there  is 
some  reason.  Doubtless,  from  the  examination  of  a  dead  tissue  we 
can  form  but  an  imperfect  conception  of  the  beauty  of  its  elementary 
parts,  and  their  wonderful  adaptation  to  the  office  they  are  designed 
to  perform  in  the  animal  economy ;  neither  can  we  form  an  idea  of 
the  changes  taking  place  during  life ;  and  we  must  remember  that 
there  is  no  known  fluid  in  which  we  can  immerse  a  specimen  for  ex- 
amination, which  possesses  the  precise  characters  of  that  which 
bathes  the  tissue  during  its  hfelime.  Serum  may,  perhaps,  be  the 
nearest  approach  to  such  a  fluid,  but  there  is  reason  to  believe  that 
this  differs  from  tlie  fluid  surrounding  the  primitive  particles  almost 
as  much  as  some  artificial  media  which  have  been  proved  by 
experience  to  give  very  satisfactory  results.  On  the  other  hand  it 
is,  however,  to  be  remarked  that  those  who  raise  objections  to 
the  preparation  of  tissues  have  not  satisfactorily  demonstrated 
that  by  the  plan  they  follow,  many  of  the  structures  which  we 
see  after  death  in  water,  serum,  and  other  simple  fluids  really 
have  a  precisely  similar  appearance  during  life,  and  it  is  more 
than  probable  that  many  of  the  more  delicate  tissues  have  never 
been  seen  by  any  one  in  the  condition  in  which  they  exist  during 
life.  I  believe  that  the  amount  of  opacity  which  is  absolutely  neces- 
sary for  seeing  some  of  these  is  quite  inconsistent  with  their  natural 
condition,  and  is  the  res\ilt  of  a  change  which  has  never  been  fully 
appreciated,  though,  perhaps,  some  idea  of  its  nature  may  be  formed 
by  considering  the  characters  of  fibrin  in  the  circulating  blood,  and 
fibrin  removed  from  the  organism  and  coagulated,  or  those  of  albu- 
men dissolved  in  the  serum,  coagulated  but  transparent  in  many  of 
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Uie  tissues,  coagulated  and  opaque  after  the  addition  of  difTerenC 
teagents. 

It  is,  however,  a  fact  that  in  many  textures  nothing  is  to  be 
seen  if  the  ordinary  methods  of  examination  are  pursued,  while 
by  special  processes  wonderful  nerve  plexuses  and  other  things 
most  definite  may  be  demon straCed.  Some  objectors  will  perhaps 
assert  that  the  processes  have  formed  these  things ! 

From  what  has  been  just  observed  it  must  be  evident,  that  the 
lear  demonstration  of  the  structure  of  any  individual  organ  of  the 

ly  is  a  somewhat  difficult  matter,  and  requires  a  considerable 
amount  of  knowledge  of  the  chemical  and  physical  characters  of 
ihe  tissues,  as  well  as  patient  investigation  and  earnest  study. 

Six.  Ceneral  Dlrrctlons  for  the  EKaminatloii  uid  PrrBerrmUiin  «f 
a  Bart  TliiBue.— Suppose  a  portion  of  muscular  fibre  is  to  be  examined 
under  the  microscope.  A  small  piece  may  be  removed  with  a  pair 
of  very  fine  scissars,  and  placed  carefully  upon  the  glass  slide.  With 
the  aid  of  two  needles  it  may  be  torn  into  very  small  shreds,  and  it 
is  then  moistened  with  a  little  water  dropped  upon  it  from  the  finger, 
or  from  a  pipette,  or  from  the  wash-botde ;  or  instead  of  water,  a 
drop  of  serum,  of  syrup,  or  of  glycerine  may  be  added  to  it,  but  in 
this  case  it  should  be  allowed  to  remain  in  the  syrup  or  glycerine  for 
some  time,  so  that  it  may  be  thoroughly  permeated  by  the  more 
dense  solution.  Next  a  square  or  circular  piece  of  thin  glass  held 
in  a  pair  of  line  forceps  is  gently  breathed  upon  and  applied  to  the 
surface  of  the  hquid,  being  brought  into  contact  with  it,  first  on  one 
le,  and  then  allowed  to  fall  down  very  gradually  with  the  aid  of  a 
piece  of  fine  wire  placed  underneath  one  edge,  until  it  is 

ipletely  wetted,  pi.  XXII,  fig.  142.  Lastly,  any  superfluous  fluid 
to  be  absorbed  by  a  cloth,  or  a  small  piece  of  fine  sponge  or 
blotting  paper,  and  the  slide  placed  in  the  field  of  the  microscope 
for  examimilion. 

It  is  important  to  prevent  the  entrance  of  air  bubbles,  pi.  XIX, 

122,  during  the  application  of  the  thin  glass  cover,  and  if  any  are 

b!e  in  the  tissue  or  surrounding  fluid  before  it  is  applied,  it  will  be 
better  to  wait  a  few  minutes  until  they  rise  to  the  surface  of  llie  liquid 
and  burst,  before  allowing  the  thin  glass  cover  to  fall  in  its  place. 
While  time  is  allowed  for  this  to  take  place,  the  specimen  should  be 
covered  with  a  small  glass  shade  to  prevent  dust  falling  upon  it, 

xvr,  tig.  87,  p.  47. 

It  is  advisable  not  to  remove  too  much  of  the  fluid,  for  fear  the 

should  press  so  heavily  upon  tlie  preparation,  as  to  cause 

several  structures  of  which  it  is  composed  to  be  squeezed  to- 

ither  and  the  specimen  rendered  confused.     The  observer  will  find 
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it  very  useful  to  place  a  piece  of  hair  or  hog's  bristle,  between  th£ 
thin  glass  and  the  glass  siiile,  by  which  means  too  great  pressure  will 
etfectiially  be  prevented.  The  same  effect  is  obtaiDcd  by  using  a  glass 
cell,  but  it  will  be  found,  I  think,  that  it  is  more  convenient  to  pursue 
the  plan  just  described  in  the  mere  examination  of  most  tissues 
to  place  them  in  a  glass  or  other  cell. 

The  student  may  also  refer  to  §5  136,  137,  138,  and  14a. 

Whenever  a  specimen  is  to  be  pr.;served  permanently  in  flu 
should  be  immersed  in  the  solution  in  which  it  is  intended  to  remi 
for  several  hours  or  days  previous  to  being  mounted,  so  that 
"be  thoroughly  saturated  with  it  in  every  part  The  fluid  may  be  placed 
in  a  moderately  deep  eel!,  in  a  watch-glass,  or  in  a  cup  of  one  of  the 
palates  used  by  artists,  from  which  it  may  afterwards  be  removed  to 
the  slide.  The  thin  glass  having  been  applied,  and  all  superfluous 
fluid  removed,  a  thin  layer  of  Brunswick  black  is  to  be  carefully 
placed  round  the  edge  so  as  to  cement  the  thin  glass  to  the  slida 
'When  this  is  dry  other  layers  are  to  be  applied  successively  until  the 
joint  is  considered  quite  tight.  The  cement  adheres  better  to  thei 
glass  slide  if  it  is  roughened  previously  by  grinding  in  this  part,  or  it' 
may  be  scratched  with  the  writing  diamond  just  where  the  cement  is 
to  be  placed,  AH  objects,  except  the  very  thinnest,  if  preserved  per- 
manently in  fluid  should  be  placed  in  a  cell,  because  there  is  a  much 
better  proipcci  of  their  being  kept  permanently,  than  when  placed 
upon  the  glass  slide  in  the  manner  employed  for  examining  the  speci- 
men temporarily.  The  chance  of  air  getting  into  the  cell  is  much 
diminished  if  the  cement  which  is  used  possesses  slight  elastic  power, 
so  as  to  admit  the  alteration  which  necessarily  takes  place  in  the 
volume  of  the  fluid  under  variations  of  temperature.  For  cementa, 
ite  page  48.  . 
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Examination  of  the  Simple  Tissues.  ^B 

I  propose  now  to  refer  very  briefly  to  the  methods  of  demon- 
strating the  structure  of  some  of  the  most  important  tissues  of  the 
higher  animals,  and  at  the  same  time  I  shall  have  to  allude  to  their 
general  characters, 

Z13,  Araolar  Tlvine  can  always  be  obtained  from  beneath  1 
skin,  and  mucous  membranes,  or  from  the  external  coat  of  tbftl 
arteries.  In  some  situations  it  is  lax  and  very  abundant  It  may  bvS 
blown  up  with  air,  and  dried  to  show  the  areolse  or  spaces  in  whidrV 
it  is  disposed  If  the  vessels  be  injected  with  plain  size,  the  areoUv 
become  distended  with  it,  and  when  cold,  very  thin  sections  may  bfe:4 
easily  cut  which  show  the  arrangement  ol   the  hbrvs  in  the  t 
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beautiful  manner.  It  consists  of  two  elementary  lisaues^the  whitf 
fibrous  tissue  and  the  yel/ow  fibrous  or  eiaHic  tissue ;  but  it  is  often 
associated  with  adipose  tissue,  and  in  it  vessels,  nerves,  and  frequently 
lymphatics  ramify. 

The  structure  of  areolar  or  connective  tissue  may  be  well  studied 
in  pieces  removed  from  beneath  the  mucous  membrane  of  the  back 
of  the  tongue  or  throat,  or  in  that  which  connects  the  mucous  mem- 
brane of  the  stomach  and  intestine  with  the  muscular  coat  By 
staining  carefully,  the  germinal  matter  (nuclei)  of  the  white  fibrous 
tissue,  of  the  yellow  elastic  tissue,  of  capillaries,  and  nerve  fibres  may 
be  distinguished.  It  is,  however,  better  to  prepare  it  according  to 
the  plan  given  in  detail  in  part  V. 

XI4.  Wbiu  Fibroua  tiuidc  can  be  readily  obtained  free  from  the 
yellow  element  in  tendons  and  many  fasciae.  In  the  former,  its  fibres 
are  slightly  wavy,  but  parallel  to  each  other.  It  can  be  split  up  in- 
definitely, and  does  not  appear  to  be  composed  of  minute  fibres.  Thia 
fibrous  appearance  is  destroyed  by  the  action  of  acetic  acid  and 
alkalies,  and  is  rendered  less  distinct  if  the  tissue  be  soaked  in  glyce- 
rine. Upon  the  addition  of  water,  the  tissue  resumes  its  ordinary 
appearance.  White  fibrous  tissue  is  very  opaque,  and  in  order  to 
demonstrate  its  charactefs  well,  it  is  desirable  to  cut  a  very  thin 
section,  unravel  it  with  needles,  and  subject  it  to  moderate  pressure 
under  the  thin  glass.  In  pi.  XXVI,  tig.  169,  a  portion  of  tendon  is 
represented  witliout  its  nuclei, 

xiL  veiiow  Fibroug  tihriic  may  bc  obtained,  perfectly  free  from 
the  white  fibrous  element,  from  the  itgatBtnium  nueka,  a  firm  yellow 
cord  at  the  back  of  the  neck,  of  any  animal,  from  arteries,  or  from 
the  elastic  ligament  to  which  the  retraction  of  the  claw  in  the  cat 
and  other  feline  animals  is  due.  It  consists  of  circular  fibres  dis- 
posed to  curl  up  very  much,  and  not  easily  broken  or  destroyed  by 
the  action  of  reagents.  In  areolar  tissue  the  fibres  are  very  long  and 
branching,  after  the  manner  of  a  network  ;  in  the  ligamentuiu  nuchx 
they  are  parallel  to  each  other,  pi.  XXVI,  fig.  1 70 :  in  the  longitu- 
dinal fibrous  coat  of  tlie  arteries  they  are  parallel  and  extremely 
delicate ;  in  the  circular  coat  they  are  coarse,  and  the  material  is 
often  disposed  in  ragged  lamina  rather  than  in  distinct  fibres. 

The  germinal  matter  (nuclei)  of  both  white  and  yellow  fibrous 
tissue  may  be  demonstrated  according  to  the  method  of  investiga- 
tion described  in  part  V.     Notice  also  figs.  1&7,  168,  pi.  XXVI. 

H4I.  A4lpaBe  TiMoe. — Adipose  tissue  may  be  examined  by  cutting 
off  a  thin  section,  and  placing  it  with  a  little  water  between  two 
pieces  of  glass,  care  being  taken  not  to  allow  the  thin  glass  cover  to 
press  upon  it    The  surface  of  one  of  the  smallest  collections  of  fat 


cells  which  can  be  founrf,  should  be  subjected  to 
opaque  object 

The  mesentery,  or  fold  of  delicate  membrane  which  attaches  the 
intestine  to  the  spine,  of  small  animals,  is  the  best  place  for  obtaining 
good  specimens  of  adipose  tissue, — and  being  protected  by  the  trans- 
parent coveting,  the  relations  and  form  of  the  fal  vehicles  are  not 
altered.  In  this  situation,  too,  the  nucleus  of  the  vesicle  may  often 
be  demonstrated,  and  cells  in  every  stage  of  growth  can  easily  be 
found.  Such  a  preparation,  the  vessels  of  which  have  been  previously 
injected  with  Prussian  blue  fluid,  will  afford  an  opportunity  of 
demonstrating  all  peculiarities  of  adipose  tissue.  Near  the  ovary 
of  the  newt  and  many  other  batrachia,  there  exist  small  collections 
of  adipose  tissue.  The  vesicles  are  much  sTminken  during  the  spring, 
■when  the  ova  are  increasing  in  sine,  and  at  this  time  the  nucleus  is 
beautifully  distinct  in  each  vesicle.  The  nuclei  of  the  cells  may  also 
be  seen  very  distinctly,  especially  in  starved  fat  cells,  after  treatment 
with  a  liHle  acetic  acid,  pi.  XXVII,  fig.  173.  Ordinary  adipi 
tissue  with  connective  tissue  containing  much  of  the  yellow  elemi 
is  represented  in  pi.  XXVII,  fig.  174. 

Frequently  the  more  solid  portion  of  the  fat  will  crystallise  OH' 
the  surface  of  the  more  oily,  in  small  acicular  crystals,  which  radiate 
from  a  centre  forming  a  star-like  mass,  as  seen  in  the  figures  172,  173. 
Adipose  tissue  should  be  examined  by  low  as  well  as  by  higli 
powers  (a  two  inch,  or  an  inch,  and  a  quarter  of  an  inch  obj« 
glass),  and  by  reflected  as  well  as  transmitted  light 

111.  CKTtliBKe. — ^The  characters  of  cartilage  are  very  easily 
monstrated.  A  thin  section  may  be  placed  in  water  or  glycerine. 
Specimens  should  be  taken  from  the  larynx,  trachea,  the  ear,  the  ribs, 
the  articular  cartilage  of  joints,  and  the  fibro-cartilage  between  the 
vertebne,  and  in  other  situations.  The  ear  of  the  mouse  affords  the 
best  example  of  cartilage  consisting  almost  entirely  of  cells.  The 
thin  layer  in  the  upper  portion  of  the  cartilage  ts  very  favourable  for 
studying  the  nutrition  and  mode  of  growth  of  the  cells,  the  intercel- 
lular substance  or  matrix  being  very  small  in  quantity  in  this  variety 
of  membrnniform  cartilage.  Specimens  of  cartilage  keep  very  well  in 
dilute  spirit  and  water,  creosote  fluid,  and  many  other  solutions,  but 
on  the  whole  glycerine  is  to  be  preferred  as  the  medium  for  their  pre- 
servation. 

The  development  of  cartilage,  and  the  changes  by  which  it  is 
converted  into  bone,  may  be  successfully  studied  in  the  flat  bones  of 
the  skull  of  a  small  frog.  The  general  changes  occurring  in  the 
growth  of  cartilage  will  be  understood  by  reference  to  pi.  XXVII, 
figs-  i75i  '76.  J77i  178.     "  On  the  formation  of  the  so-called  inl  "" 
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cellular  substance  of  cartilage,  and  of  its  relation  to  the  so-called 
cells;  with  observations  upon  the  process  of  ossification."  (Micro- 
scopical Journal,  1863.) 

Iia.  ■•»«.— Sections  of  bone  are  obtained  in  the  manner  alluded 
lo  in  p.  82.  It  is  desirable  to  make  sections  of  the  whol^  extent  of  the 
compact  tissue.  The  observer  will  notice  in  thin  sections,  even  of 
young  bones,  spaces  of  very  different  sizes,  resulting  from  the  division 
of  a  number  of  tubes  (Haversian  canals)  in  which  the  vessels,  which 
are  distributed  to  the  compact  tissue,  run.  Now  it  appears  from  the 
beautiful  researches  of  Tomes  and  De  Morgan,  that  this  solid,  hard, 
rompacl  tissue  is  perpetually  undergoing  removal  and  repair.  An 
Haversian  canal  increases  in  diameter  by  the  gradual  absorption  of 
the  concentric  lamellfe  of  bone  which  surround  it,  and  after  a  time, 
a  large  space  is  formed  (Haversian  space).  When  this  space  has 
reached  a  certain  she,  new  bone  is  deposited,  commencing  at  the 
circumference  and  gradually  proceeding  towards  the  centre,  until  the 
space  has  regained  its  small  size  and  is  again  converted  into  a  narrow 
canal.  The  inlers/itial  lamina  upon  this  view  are  very  readily 
accounted  for.  They  are,  doubtless,  the  remains  of  old  Haversian 
systems  only  partially  absorbed.     (Phil.  Trans.,  1853). 

-.  growth  of  bone  is  investigated  in  young  animals  by  mixing 
madder  with  their  food.  In  a  very  short  time  (even  a  few  days)  the 
madder,  which  has  an  affinity  for  phosphate  of  lime,  is  deposited  in 
those  parts  of  the  bone  nearest  to  the  vascular  surface.  Young  pigs 
are  the  best  animals  for  experiments  of  this  kind. 

The  arrangement  of  the  vessels  may  be  investigated  in  the  bones 
of  an  animal  which  has  been  injected  with  Prussian  blue  fluid.  It  is 
well  to  add  an  excess  of  hydrochloric  add  to  the  solution.  After 
the  injection  is  complete,  the  bone  may  be  soaked  in  dilute  hydro- 
chloric acid  (one  of  acid  to  five  of  water),  to  dissolve  out  the  earthy 
mailer,  when  the  soft  tissue  which  remains  can  be  readily  cut  into 
^^^  thin  sections  in  various  directions  wilh  a  thin  sharp  knife. 
^^^  Not  unfrequendy  the  vessels  of  bone  are  found  distended  with 

^^H  blood,  thus  producing  a  natural  injection,  tt  is  diflicutl  to  cut  and 
^^H  grind  the  section  thin  enough  for  examination  without  altering  the 
^^H  masses  of  dried  blood,  but  with  care  this  may  be  effected.  My 
^^H  friend  Mr.  White  has  given  me  some  beautiful  sections  of  the  antler 
^^H  of  the  stag,  in  which  all  the  vessels  of  the  Haversian  canals  still 
^^B     retain  blood. 

^^H  Sections  of  bone  may  be  preserved  dry,  in  aqueous  fluids,  or  in 

^^^1  Canada  balsam.  The  dark  appearance  of  the  lacunx  in  sections  of 
^^H  dried  bone  is  entirely  due  to  their  containing  air.  Their  apparent 
^^H     solidity  led  Purkinje,  their  discoverer,  to  call  them  bone  corpuicla. 
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Tlie   true  nature  of  these  bodies  lias  been  already   explained 
page  78.     Lacunje  with  their  masses  of  living  or  germinal   matter 
are  represented  in  fig.  i8o,  pi.  XXVII, 

In  pi.  XXVII,  fig.  179,  a  drawing  is  given  showing  cartilage  and 
tendon  continuous  with  it.     The  white  fibrous  tissue  of  the  tendon 
is  seen  to  be  conlinuoiis  with  the  so-called  matrix  or    intercellul 
substance  of  the  cartilage,  and  fig.    i8t,    represents   the   chi 
taking  place  in  the  development  of  bone  of  a  mammalian  an 
These  figures  are  worthy  of  very  attentive  study. 

Examination  of  the  Higher  Tissues. 

»i».  EXMntnkiJon  of  HuxcnUr  ri»re.^For  a  full  description  of  the 
minute  anatomy  of  muscular  fibre,  I  must  refer  to  the  various  works 
on  physiology  and  minute  anatomy  ;  and  especially  to  the  well-known 
papers  of  Mr.  Bowman  tn  the  Philosophical  Transactions,  1840-41, 
and  to  the  articles  "  Muscle,"  and  "  Muscular  Motion,"  in  the  Cyclo- 
psedia  of  Anatomy  and  Physiology. 

Two  forms  of  muscular  fibre  have  been  described,  the  striped  or 
voluntary  fibre,  or  muscular  filre  of  animal  life,  and  the  unstriped, 
involuntary,  or  muscular  fibre  of  organic  life,  the  characters  of  which 
will  be  presently  referred  to.  Both  forms  possess  inherent  con- 
tractility, but  each  contracts  when  touched,  as  may  be  proved  by 
direct  experiment  under  the  microscope,  or  when  the  nerve  fibres 
ramifying  over  it  are  touched  or  irritated  in  any  other  manner.  The 
voluntary  muscle  alone  is  under  the  direct  control  of  the  will,  while 
the  involuntary  fibre  performs  its  functions  altogether  independently 
of  volition,  but  both  are  very  freely  supplied  with  nerve  fibres  which 
ramify  amongst  the  muscular  fibres  forming  networks  or  plexuses 
around  them. 

Striped  mu.scular  fibre  may  be  obtained  from  the  voluntary 
muscles  of  man  or  any  animal.  If  specimens  be  taken  from  the 
members  of  the  different  vertebrate  classes,  certain  characteristic 
peculiarities  will  be  met  wilh,  and  the  muscular  fibre  of  the  crustacean , 
mollusc,  or  insect,  differs  from  that  of  the  higher  animals  in  many 
portant  particulars. 

In  order  to  subject  a  portion  of  muscular  fibre  to  microscopical 
examination,  it  is  only  necessary  to  remove  a  small  piece  with  a  sharp 
knife  or  a  pair  of  scissars.  After  tearing  it  up  with  needles,  and 
moistening  it  with  a  drop  of  water,  the  thin  gla.ss  cover  may  be  placed 
on  it,  and  the  specimen  examined  with  different  powers.  The 
transverse  striae  will  often  be  rendered  very  distinct  after  the  fibre  has 
been  allowed  to  macerate  for  some  time  in  glycerii 

The  general  arrangement  and  form  of  the  fibres  in  volimtaiyj 
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muscles  is  well  shown  in  a  transverse  section  of  the  pectoral  muscle 
of  a  teal  {Qurr^ueiiah  crecca),  which  has  been  put  upon  ihe  sCreldi, 
and  allowed  lo  become  perfeclly  dry.  A  section  cut  as  thin  as  pos- 
sible, may  be  re-moistened  with  water,  and  examined  in  the  usual 
manner.  The  position  of  the  vessels,  (heir  relation  lo  ihe  fibres,  and 
the  character  of  capillary  network  are  easily  demonstrated  in  speci- 
mens whidi  have  been  injected  with  transparent  Prussian  blue  or 
cannine  injection. 

v%%.  suToicmma. — The  fibre  of  the  skate,  as  Mr.  Bowman  has 
shown,  is  remarkably  well  adapted  for  showing  the  sarcolemma,  as 
the  sarcous  matter  may  be  ruptured  while  the  investing  membrane 
remains  entire,  and  may  be  thus  easily  demonstrated.  A  few  of  the 
long  fibres  from  the  fin  may  be  spread  out  upon  a  piece  of  glass  with 
the  aid  of  needles,  and  in  this  operation  it  will  be  found  that  the 
rupture  of  the  sarcous  matter  in  the  interior  has  taken  place.  Sar- 
colemma is  well  seen  in  pi.  XXVIII,  fig.  184.  This  membranous  tube 
may  be  also  beautifully  shown  in  the  muscular  fibres  of  a  water- 
beetle,  particularly  in  those  of  the  large  dytiscus. 

m.  BnaehiX  Muacuiar  Ftbrea. — Several  modifications  of  striped 
muscle  have  been  described  of  late  years,  and  it  is  desirable  to  con- 
sider the  best  methods  of  demonstrating  a  few  of  the  most  impor- 
tant of  these.  Branched  muscular  fibres  have  been  found  in  the 
heart,  but  the  finest  are  not  very  easily  demonstrated.  Fibres  of  this 
nature  may,  however,  be  shown  to  exist  in  great  abundance  in  the 
tongue  of  the  frog  (as  was  pointed  out  by  KoUiker),  from  which 
organ  they  may  generally  be  obtained  as  follows  :  the  tongue  is  to 
be  separated  from  the  animal,  and  boiled  for  a  few  moments  in  water ; 
the  mucous  membrane  is  cautiously  dissected  off  from  a  small  por- 
tion, and  a  few  minute  pieces  are  to  be  carefully  snipped  off  with 
scissars,  from  the  edge  of  the  tongue,  just  beneath  the  mucous  mem- 
brane. These  are  lo  be  torn  with  very  delicate  needles,  and  then 
examined  with  a  quarter  of  an  inch  object-glass.  In  this  manner 
very  perfect  fibres  may  generally  be  found  ;  but  care  must  be  taken 
not  to  boil  the  tongue  for  too  long  a  time,  in  which  case  the  fibres 
become  too  brittle  to  admit  of  separation.  These  branched  fibres 
are  very  beautiful  objects.  In  good  specimens  they  are  seen  to 
ramify  after  the  manner  of  the  branches  of  a  tree,  gradually  becom- 
ing thinner,  until  each  terminates  in  a  delicate  extremity,  which  is  of 
&  tendinous  nature,  and  is  incorporated  with  the  sub-mucous  areolar 
tissue  or  coiium^  The  transverse  stria;  may  be  observed  in  the 
thinnest  branches,  but  cease  some  distance  from  the  terminal 
extremity  of  the  fibre.  Branched  fibres  also  exist  in  the  upper  lip  of 
the  rat,  and  in  other  situations.       Beautifully  delicate    branched 
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mustular  fibres  are  to  be  seen 

tongue.     See  drawings  accompanying  my  paper 

for  1864. 

XSS.  PrepmraUon  ef  Mmcalftr  Fibre  for  nicrawoplCBl  Rxamliut- 
tlon. — The  transverse  striie  may  usually  be  demunstraied  upon  a 
piece  of  fresh  muscular  fibre,  and  are  often  seen  very  distinctly  in  a 
portion  of  ordinary  voluntary  muscle  that  has  been  boiled  The 
ultimate  fibrillas  are  well  displayed  in  the  muscles  of  many  of  the 
lower  cartilaginous  fishes,  especially  the  lamprey.  The  mode  of 
cleavage  can  be  very  satisfactorily  determined,  and  the  "ultimate 
sarcous  particles"  separated  from  each  other.  I  have  often  obtained 
most  beautiful  specimens  of  muscular  fibre  from  the  back  of  the 
tongue,  a  few  hours  after  a  meal,  of  which  meat  has  formed  a  portion. 
The  fibrilliB  often  separate  readily  from  each  other  in  a  portion  of 
muscle  which  has  been  macerated  in  a  solution  of  chromic  acid. 

The  "  fibrillE  "  present  ditferent  appearances  according  to  the 
degree  of  contraction  at  the  time  of  death  and  other  circumstances. 
Some  of  them  are  represented  in  pi.  XXVIII,  fig.  185,  after  some 
drawings  by  Dr.  Martyn. 

Amongst  vomited  matters  or  in  the  contents  of  the  stomach  of 
an  animal  killed  two  or  three  hours  after  a  meal,  beautiful  specimens 
of  striped  muscular  fibre  may  often  be  found.  In  the  stomach,  the 
fibres  sometimes  break  up  into  the  disks  described  by  Bowman,  and  I 
have  obtained  these  disks  by  macerating  the  muscles  of  young  ani- 
mals for  some  time  in  strong  acetic  acid. 

The  thin,  narrow,  muscular  bands,  immediately  under  the  skin  of 
frogs  and  other  small  animals,  will  be  found  to  exhibit  well  the 
general  anatomy  of  voluntary  muscle.  The  muscular  fibre  of  the  eel 
splits  up  readily  into  its  ultimate  particles ;  and  beautiful  prepara- 
tions exhibiting  the  fibrillse,  have  been  obtained  by  Mr.  Lealand 
firom  the  pig.  Transverse,  longitudinal,  or  oblique  sections  of  muscle 
may  be  made  in  the  case  of  muscles  which  have  been  boiled,  or 
hardened  in  spirit,  bichloride  of  mercury,  or  chromic  acid.  There- 
agents  of  the  greatest  use  in  investigating  the  structure  of  muscular 
fibre,  are  a  dilute  solution  of  caustic  soda,  and  acetic  acid,  which  are 
employed  more  i>articularly  in  investigating  the  arrangement  of  the 
nuclei.  Preparations  of  muscular  fibre  may  be  preserved  moist  in  glyce- 
rine, glycerine  jelly,  chromic  acid,  or  solution  of  creosote,  pp.  56,  57, 
or  they  may  be  dried  and  mounted  in  Canada  balsam. 

The  movements  of  muscle  during  contraction  cannot  be  studied 
in  the  higher  animals  and  man  but  may  be  observed  in  many  of  the 
lower  animals,  sa  §  356. 

SIS.  ExMBlnuiou  at  viuiHpca  niucle. — Involuntary,    smool 
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or  non-slriated  mustular  fibre  may  be  obtained  rrom  various  situa 
tions,  both  In  man  and  also  in  the  lower  animals.  These  fibres  are 
most  abundant  in  the  alimentary  canal,  the  uterus,  the  bladder,  the 
ducts  of  glands  generally,  and  large  vessels,  but  they  are  also  found 
dispersed  amongst  fibrous  tissue  in  certain  situations,  particularly  in 
the  skin.  There  are  also  bundles  of  pale  muscle  connected  with  the 
hair  bulbs,  which  may  be  demonstrated  in  some  cases.  The  elon- 
gated cells,  of  which  this  form  of  muscle  is  composed,  are  also  to  be 
demonstrated  in  the  small  arteries,  pi.  XXIX,  fig.  189,  and  veins,  as 
well  as  in  the  trabecular  tissue  of  the  spleen,  and  corpora  cavernosa 
penis,  the  urethra,  &c.  Involuntary  muscle,  which  has  hitherto  been 
described  as  consisting  of  flattened  bands,  has  been  demonstrated 
liy  Professor  Kolliker  to  consist  of  the  elongated  cells  just  referred 
to.  The  contractile  fibre  cells  usually  appear  as  flattened  bands,  or 
fusiform  fibres,  slightly  wavy,  and  terminating  at  each  end  in  a  point. 
These  cells  may  be  readily  isolated  by  macerating  small  pieces  of 
(he  muscular  coat  of  the  alimentary  canal,  &c.,  in  dilute  nitric  acid, 
containing  about  twenty  per  cent  of  strong  acid.  By  a  little  teasing, 
with  the  aid  of  fine  needles,  separate  cells  may  be  readily  obtained. 
Fig.  1 85,  pL  XX  VI II,  represents  some  of  the  contractile  fibre  cells  from 
the  small  intestine.  These  cells  may  also  be  demonstrated  in  most 
of  the  lower  animals  ;  but  it  is  worthy  of  remark  that  a  portion  only 
of  the  alimentary  canal  of  some  fish  is  surrounded  by  involuntary 
muscle,  while  it  has  been  shown  that  the  whole  of  the  muscular  fibre 
of  the  intestine  of  the  common  tench  is  of  the  striped  variety 
(Weber). 

IS-t.  Enunlnallon  of  the  Mnimlar  Strnetare  »f  the  Hum  mat 
Tongnc. — The  muscular  fibres  of  the  heart  will  be  found  to  exhibit 
the  transverse  strix  characteristic  of  voluntary  muscle ;  but  they  are 
arranged  in  long  bands,  and  upon  carefully  examining  a  well-prepared 
specimen,  taken  either  from  the  heart  of  man  or  of  most  animals, 
frefiuent  and  distinct  anastomose.s  and  branchings  of  the  fibres  may  be 
oliscrved.  The  existence  of  sarcolemma  is  doubtful,  but  in  many 
cases  a  little  connective  tissue  which  corresponds  to  it  may  often  be 
detected. 

In  order  to  exhibit  these  fibres,  the  heart  of  any  small  animal 
may  be  taken,  and  after  boiling  it  for  a  short  time  in  water,  small 
pieces  may  be  cut  off,  and  carefully  torn  up  with  needles.  The  length 

me  which  the  boiling  should  be  conltnuod,  varies  in  diffcront 

s,  Half  a  minute  is  sufficient  for  the  hearts  of  very  small 
animals ;  sheep's  hearts  may  be  boiled  for  a  quarter  of  an  hour.  Sec- 
tions of  the  muscular  substance  of  the  tongue  are  readily  made  by 
drying  the  organ  when  perfertly  fresh,  and  removing  a  very  thin  sec- 
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lion  with  a  sharp  knife.    The  specimen  is  ihcn  moistened  with 

It  may  be  treated  with  diffurtnt  reagents,  and  afterwards  preserved  in 

glycerine,  glycerine  jelly,  or  other  preservative  fluid, 

m.  Examination  of  Arteries  and  Veins. — The  Structure  of 
arteries  and  veins  may  be  well  studied  in  any  of  the  smaller  vertebrate 
animals,  especially  in  the  frogs.  In  mammalia  beautiful  specimens 
may  be  obtained  from  (he  mouse.  Those  in  the  mesentery,  the  pleura, 
and  pericardium  may  be  subjected  to  examinarion  without  difficulty, 
but  the  smaller  arteries  and  veins  of  the  //a  maler,  or  vascular  mem- 
brane of  the  brain,  and  those  of  the  folds  (choroid  plexuses)  of  the 
same  membrane  in  the  cavities  (ventricles)  of  the  brain  are  more  free 
from  connective  tissue  and  can  be  easily  isolated. 

The  yellow  elastic  tissue  of  the  arterial  coats  of  the  larger  arteries 
may  be  demonstrated  in  any  artery  of  a  quarter  of  an  inch  in  dia- 
meter or  more.  The  fibres  vary  much  in  character,  sometimes 
appearing  rather  as  an  expanded  elastic  membrane  perforated  here 
and  there,  than  as  separate  fibres.  In  the  smallest  arteries  and  veins 
there  is  very  little  clastic  tissue,  but  this  is  represented  by  muscular 
fibres.  On  the  other  hand  in  the  largest  vessels,  the  muscular  fibres 
appear  to  have  almost  given  place  to  yellow  elastic  tissue. 

I  have  obtained  beautiful  specimens  of  the  muscular  fibre  cells 
arranged  circularly  round  the  arteries  by  injecting  the  vessels  with 
plain  size,  and  gradually  increasing  the  force  so  as  to  distend  them 
as  much  as  possible  without  rupture.  In  this  manner  the  cells  are 
as  it  were,  gradually  unravelled.  When  cold,  thin  sections  may  be 
very  easily  made  in  various  directions,  and  even  isolated  fibre  cells 
can  be  obtained.  The  arrangement  of  the  muscular  fibre  cells  in  the 
smaller  vessels,  is  well  seen  in  the  small  arteries  from  the  frog  and 
newt.     See-^\.  XXIX,  fig.  iSg. 

The  arrangement  of  the  numerous  nerve  fibres  distributed  to  the 
small  arteries  and  veins  may  be  demonstrated  in  the  frog  with  the 
greatest  distinctness,  and  in  connection  with  die  small  vessels  which 
supply  the  viscera  numerous  ganglia  will  be  found  from  which 
bundles  of  nerve  fibres  may  be  traced  in  different  directions. 
These  often  form  plexuses  around  the  vessels  and  give  off  finer 
bundles,  and  fibres  may  be  followed  even  to  the  capillary  vessels. 

XZO.  Bxanlnuion  of  Ibe  CKplIlartCR. — Capillary  vessels  may  be 
obtained  from  any  of  the  tissues  and  organs  of  the  lower  animals. 
The  mode  of  displaying  their  general  arrangement  by  injection  has 
been  already  described,  p.  87.  The  masses  of  germinal  matter  in 
connection  with  their  walls  vary  in  number  greatly  in  different  parts. 
In  some  textures  the  capillary  appears  to  be  almost  entirely 
rounded  with  them,  pi.  XXIX,  figs.  187,  iSS,  also  fig.  163,  pi. 
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whik  in  others  a.  considerable  inlerval  orcapilla.ry  wali  exists  which  is 
perfectly  free  from  them.  These  bodies  are  probably  of  the  greatest 
importance  and  vary  much  in  size  under  diflertnt  circumstances. 
They  are  jjrobably  connected  not  only  with  the  changes  going  on  in 
■  tissue  around  the  capillary  but  are  concerned  in  the  separa- 
I  tion  of  certain  constituents  from  the  blood.  They  ar,-  often  seen  to 
I  project  into  the  interior  of  the  capillary,  and  it  seems  not  improbable 
that  some  of  the  germinal  matter  of  the  blood  (white  blood  cor- 
puscles) may  be  detached  from  them.  Capillary  vessels  are  supplied 
with  nerve  fibres,  which  may  be  demonstrated  with  great  distinctness 
around  the  capillaries  of  the  skin,  tongue,  and  mucous  membrane 
of  the  liiuces  of  the  frog  or  newt,  pi.  XXIX,  fig.  19a. 

SSI.  Examination  of  Nerre. — The  general  anatomy  of  the  trunk 
I   of  a  nerve  is  demonstrated  without  difficulty.     It  is  better  to  take  as 
I   thin  a  fibre  as  .possible,  tear  it  up  with  very  fine  needles  upon  a  glass 
I   slide,  and  after  the  addition  of  a  drop  of  serum,  it  may  be  covered 
with  thin  glass.     The  small  nerve  trunks  of  any  small  animal  may  be 
taken.     The  nerves  of  the  frog  are  very  large,  and  exhibit  all  the 
essential  structures  of  nerve  fibres,  pi.    XXX,  fig.  193.     Glycerine 
II  be  found  a  good  medium  for  examining  nerve  fibres  in,  but  the 
observations  should  never  be  limited  to  specimens  prepared  accord- 
to  one  method  of  investigation  only. 

a.  Dark-bardited  nerve  filirts.—Xt  an  ordinary  spinal  nerve  lie 
,   placed  in  a  little  water,  a  curious  change  takes  place.     The  con- 
stituents of  which  the  medullary  sheath  is  composed,  become  altered 
IS  to  exhibit  two  distinct  lines  {white  substance  of  Schwann),  a 
change  which  probably  depends  upon  the  fatty  matter  being  partly 
separated  from  the  albuminous  material  with  which  it  was  incorpo- 
rated, pi.  XXX,  lig.  195.     Although  this  appearance  is  undoubtedly 
produced    by  soaking  in  water,   the  existence  of  a  special   highly 
refracting  material  within  the  tubular  membr.in£  and  around  the  axis 
I  tyiinder,  cannot  be  questioned.     If  nerves  be  examined  in  syrup  of 
I  glycerine,  the  double  contour  line  is  not  seen. 

The  so-called  tubular  membrane  can  hardly  be  regarded  as  a 
I  special  investment.  It  consists  merely  6i  delicate  connective  tissue 
in  which  sometimes  one,  sometimes  several,  nerve  fibres  are  embedded, 
I  asshown  in  lig.  193.  The  outline  of  this  apparent  tubular  membrane 
.  often  consists  of  a  Bne  nerve  fibre.  This  is  easily  proved  in  cases 
I  where  there  appears  to  be  an  outline  on  one  side  only,  pL  XXX, 
I   fig.  19S. 

The  investigation  of  the  manner  in  which  nerves  terminate  is 

one  of  the  most  difficult  inquiries  that  the  observer  can  undertake. 

1  In  many  structures  a  nerve  networlt  of  dark-bordered  nerve  fibres 
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may  be  dennonitraicO,  but  ihis  is  not  terminal.  The  finest  fibnl^B 
have  often  been  traced  for  some  distance  and  then  lost.  Thus  some 
have  been  led  to  conclude  that  they  became  lost  in  other  tissues 
or  that  they  ended  in  the  connective  tissue  I  I  have  shown  that  in 
all  cases  they  lose  their  dark  bordered  character,  and  are  con- 
tinued as  a  pale  fibre  for  a  long  distance  beyond  this  point,  and  at 
last  fonn  with  the  prolongations  from  other  fibres  a  very  intimate 
interlacement,  plexus,  or  network,  which  is  arranged  in  all  cases 
upon  the  same  type  but  differs  in  complexity,  extent,  and  relations 
in  the  various  terminal  nerve  organs,  In  investigating  the  mode  of 
termination  of  nerve  fibres,  the  papilla  of  the  tongue  of  many  of  the 
lower  animals,  especially  of  the  frog  may  be  selected. 

The  general  distribution  of  the  nerves  beneath  the  skin,  may  be 
well  seen  in  the  ear  of  the  mouse,  after  the  thin  skin  covering 
it  has  been  carefully  dissected  off.  In  the  dura  mater  and  other 
fibrous  membranes,  1  have  seen  many  individual  nerve  fibres  arranged 
so  as  to  form  with  others  a  coarse  network,  and  a  single  fibre  may 
often  be  traced  for  a  very  long  distance. 

The  dark-bordered  fibres  often  divide  at  the  point  where  a 
bundle  diverges  from  the  trunk^nane  of  the  subdivisions  passing 
on  in  the  trunk,  while  another  pursues  a  different  and  sometimes 
opposite  direction  in  the  bundle  which  leaves  the  trunk,  and 
each  of  these  again  divides  and  subdivides  further  on.  The  fibres 
in  these  localities  frequently  leave  their  companions  and  pass  a  short 
distance  with  others,  so  that  a  network  is  in  this  manner  formed 
upon  the  surface  of  the  dura  mater  for  instance  and  other  mem- 
branes, and  immediately  beneath  the  skin.  The  mesentery  of  the 
mouse  is  a  very  good  membianous  texture  in  which  to  study  the 
distribution  of  nerves  in  a  mammalian  animal.  Beautiful  prepa- 
rations showing  the  distribution  of  sensitive  nerves  may  be  oblaiixed 
from  the  snout  of  the  pig,  mole,  and  other  animals.  At  the  free  ctigc 
of  the  third  eyelid  of  the  frog  is  a  most  extensive  plexus  of  fine  dark- 
bordered  nerve  fibres,  which  are  arranged  so  as  to  form  the  most 
beautiful  network. 

The  finest  terminal  plexuses  of  nerve  fibres  may  be  studied  in  the 
proper  tissue  of  the  cornea,  in  the  fibrous  tissue  in  the  abdominal 
cavity  of  the  frog,  around  arteries  and  veins,  in  the  tongue,  especially 
the  papillas  of  the  hyla  or  green  tree  frog,  in  the  mucous  membrane 
of  the  pharynx,  in  the  lung  and  bladder  of  the  same  animal.  The 
relation  of  the  nerves  to  the  corneal  corjiuscles,  and  their  prolonga- 
tions should  be  carefully  noted,  pi,  XXX,  fig.  197.  This  investi- 
gation, however,  presents  difficulties,  and  the  student  should  not 
attempt  it  until  he  has  succeeded  in  making  good  specimens  of  Other 
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rill  find  the  process,  detailed  in  port  V,  of  great  value 


I 


textures.     He 
in  such  enquiries. 

i.  Paie  Grey  or  Sympathdic  Nerve  Fibrts. — Some  observers  still 
support  the  assertion  that  every  true  nerve  is  characterised  by  ieing 
dark  borda-ed, — exhibiting  the  double  contour  Imes  caused  by  the 
investment  of  the  medullary  shealh,  the  so-called  white  substance  of 
Schwann.  Reiuak,  however,  correctly  described,  nearly  thirty  years 
ago,  the  pale  grey  or  gelatinous  nerve  fibres  of  the  sympalhelic 
system,  but  his  views  were  strongly  opposed  by  a  majority,  and  his 
nerve  fibres  were  authoritatively  pronounced  to  be  mere  connective 
tissue.  They  have  since  been  named  ironically  Rtmak's  fibres.  In 
Germany,  for  years  past,  many  anatomists  have  been  trying  to  reduce 
everything  to  what  they  call  connective  tissue,  wiiich  to  any  ordi- 
nary observer  would  appear  to  be  the  least  important  tissue  in  the 
organism.  It  is  cveti  now  a  matter  of  the  utmost  difficulty  to  get  a 
fair  hearing  if  you  attempt  to  extract  anything  real  and  definite  out  of 
this  favoured  indetinile  connective  tissue.  In  spite  of  all  this,  how- 
ever, it  has  been  clearly  proved  that  Reniak's  fibres  are  true  nerve 
fibres,  and  that  dark-bordered  nerve  fibres  before  they  reach  their 
ultimate  distribution,  invariably  assume  the  pale  granular  appearance 
of  Remak's  fibres.  So  far  from  the  dark-bordered  character  being 
essential  to  nervous  structure,  the  active  peripheral  portion,  the  really 
important  part  of  every  nerve  fibre,  never  exhibits  if.  The  while 
substaoce  after  all  appears  to  be  merely  a  passive  fatty  albuminous 
matter  which  surrounds  the  conducting  core  of  the  nerve  fibre  and 
insulates  it  from  rieighbouring  fibres.  It  is  peculiar  to  the  tnmks 
of  nerves  which  connect  the  great  central  organs  with  the  distant 
peripheral  ramifications. 

Into  many  sympathetic  ganglionic  nerve  centres,  however,  pale 
fibres  may  be  traced,  and  no  medullary  sheath  exists  in  any  part  of 
the  course  of  the  nerve  fibres.  These  sympathetic  nerves  in  fact 
form  an  extended  network  or  plexus  which  corresponds  to  the  peri- 
pheral network  of  the  cerebrospinal  nerves.  The  distance  from  their 
central  origin  to  their  peripheral  distribution  is  so  short  that  there  is 
not  that  need  of  insulation  as  in  the  case  of  the  fibres  coming  from  the 
brain  and  spinal  cord.  Sympathetic  nerve  fibres  and  Iheir  ganglia  are 
represented  in  pi.  XXXI,  figs.  19910201,  and  the  mode  of  connection 
of  the  fibre  with  the  ganglion  cell  is  seen  in  fig.  202.  Many  observers, 
however,  still  maintain  that  the  appearance  is  due  to  the  ganglion  cells 
being  enclosed  in  a  capsule  of  conriective  tissue,  and  assert  that  some 
cells  exist  from  which  no  fibres  whatever  proceed.  These  strange 
notions  are  still  taught  in  many  of  our  most  celebrated  text  books,  and 
arc  erroneously  forced  upon  the  mind  by  the  repetition  of  old  figures. 
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It  has  been  stated  that  no  method  of  preserving  nerve  tissue  has 
been  devised  which  makes  it  worth  while  to  mount  preparations  for 
the  sake  of  displaying  its  minute  characters,  and  this  statement, 
strange  to  say,  has  been  repeated  in  books  devoted  expressly 
to  mounting  objects.  It  need  scarcely  be  stated  here  that  the  most 
delicate  of  the  nerve  textures  can  be  mounted  permanently.  Not 
only  so,  but  new  facts  in  connection  with  their  ultimate  arrangement 
can  be  demonstrated  in  specimens  which  have  been  kept  for  some 
time,  and  fine  fibres  seen  which  were  quite  invisible  when  mounted. 
There  are  in  truth  very  few  objects  which  cannot  be  preserved  per- 
manently, so  as  to  show  far  more  tlian  can  be  demonstrated  in  them 
as  fresh  specimens.  The  use  of  chromic  and  acetic  acids,  and  per- 
chloride  of  gold  in  the  investigation  of  nerve  structures  has  been 
referred  to  in  p.  113. 


Examination  of  Serous  and  Mucous  Metnbranes, 

128.  Examtnatton  of  Serous  and  Synovial  Hembranes. — Serous 
membranes  may  be  examined  according  to  the  general  directions 
previously  given.  It  will  sometimes  be  found  difficult  to  demon- 
strate the  delicate  cells  upon  their  surface,  and  fresh  specimens  only 
should  be  examined.  The  epithelium  of  serous  membranes,  when 
it  exists,  is  of  the  pavement  or  tessellated  variety,  and  appears  to  form 
one  single  layer. 

A  small  portion  of  the  peritoneum  of  a  mouse  or  other  small 
animal,  will  be  found  to  display  well  the  fibres  of  the  sub-basement 
tissue,  and  often  vessels  and  nerves  may  be  seen  beautifully  distinct 
in  this  situation.  The  greater  part  of  the  thickness  of  serous  mem- 
branes is  made  up  of  condensed  areolar  tissue,  in  which  the  yellow 
fibrous  element  is  very  abundant.  This  areolar  tissue  becomes  less 
dense  at  a  greater  distance  from  the  surface,  and  often  contains  fat 
cells  like  the  subcutaneous  areolar  tissue. 

In  order  to  examine  the  distribution  of  the  vessels  in  synovial 
membranes,  an  injected  specimen  is  necessary.  The  fringe-like  pro- 
cesses which  project  into  many  of  the  joints  are  highly  vascular, 
and  a  well-injected  specimen  forms  a  beautiful  object  The  surface 
in  the  recent  state  is  covered  with  large  cells  of  a  more  or  less 
globular  form. 

The  vessels  which  run  between  synovial  membrane  and  cartilage 
are  very  tortuous,  and  exhibit  considerable  dilatations  and  varico- 
sities. The  characters  of  serous  and  synovial  membranes  are  (ully 
described  in  Dr.  Brinton's  article  "  Serous  and  Synovial  Membranes," 
Cyclopaedia  of  Anatomy  and  Physiology. 


22  tf.  EKBiulanilon 

i  of  one  or  more  layers  of  cpilheli 
raiisparent  texture.  This  surface  tissut 
srcolar  tissue  {sut- 
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;ous  mcTubrane 
m,  which  rest  upon  a 
gradually  passes  into 
'iff/ar  tissue,  sub-basemeiU  tissue  or  corium). 
B^to  this  structure,  muscular  fibres,  or  their  tendons,  when  these 
[exist,  are  inserted.  In  it  ramily  the  vessels  and  nerves.  The  thick- 
■Sess  of  the  mucous  membrane  and  other  characters  of  the  several 
I'itructures  of  which  it  is  composed  vary  much  in  different  localities. 
I  The  mucous  membrane  gf  the  mouth,  especially  at  the  back  part  of 
'  the  tongue,  may  be  readily  subjected  to  examination,  and  the  dif- 
ferent structures  enumerated  may  be  made  out.  It  is  desirable  to 
inject  the  vessels  with  a  transparent  injection,  and  cut  thin  sections 
through  the  mucous  membrane  and  subjacent  structures  with  a  sharj> 

I  knife.  The  basement  membrane  is  very  easily  demonstrated  in  the 
tube  of  the  kidney.  On  the  anatomy  of  mucous  membrane,  the 
reader  is  strongly  recommended  to  consult  Mr,  Bowman's  article 
•*  Mucous  Membrane,"  in  the  Cyclopsedia  of  Anatomy  and  Phy- 
siology, 
liur 
cati 
the 
Df  < 
gen 
knil 
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23*.  Epitbelium. — sub-mnconi    ArtNtlar    Tlaane. — The  epithc- 

Clium    of    mucous  membranes  is  very  readily  subjected  to  exami- 

Ittation,   and  its    character   is    found    to   vary    much    according    to 

ttiie  locality  from  which  it  is  taken.     In  order  to  obtain  a  specimen 

pof  epithelium  from  a  mucous  membrane,  all  that  is  required  is  to 

Igerape  gently  the  surface  of  the  tongue  or  inside  of  the  cheek  with  a 

*  knife,  and  place  what  has  been  removed  upon  a  glass  slide,  and, 

after  moistening  it  with  a  little  water,  syrup,  or  a  mixture  of  glycerine 

and  water,  which  does  not  cause  the  cells  to  become  so  turgid  from 

^^^   osmosis,  the   specimen  may  be  placed  in  the    microscope.      This 

^^L  epithelium   approximates    in    its   characters   to  that   of   which    the 

^^Kepidermis  or  cuticle  is  composed.     The  cells  obtained  are  almost  all 

^^r  of  them  mature  and  some  are  very  old,  invaded  by  fungi  and  about 

to  be  cast  off,  pi.  XXXII,  fig.  203.     The  thin  glass  cover  should  not 

be  allowed  to  press  too  strongly  upon  the  specimen.    This  may  be 

prevented  by  inserting  one  or  two  pieces  of  hair  or  thin  hog's  bristles. 

I  The  epithelium  upon  the  surface  of  the  tongue  of  the  frog,  toad, 
newt,  and  that  lining  the  mouth  of  the  serpent  and  some  other 
reptiles  is  ciliated.  Sec  fig,  2^6,  pL  XXXVII,  also  p.  161. 
In  many  of  the  glands  which  may  be  regarded  as  cavities  open- 
ing upon  the  surface  of  the  mucous  membrane  and  continuous  with 
L 
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it,  the  cells  are  modified  in  stnicture  and  arrangement.  They  p 
duce  peculiar  substances,  which  constitute  the  sccrctwn  of  the  gland. 
Glandular  epithelium  may  be  obtained  from  the  tubes  or  glands 
in  the  mucous  membrane  of  the  stomach,  from  the  liver,  kidney,  and 
other  organs. 

The  mucous  membrane  of  the  stomach  should  be  studied  in  vtrtii 
sections,  and  in  sections  made  at  different  depths  paralld  with 
surface.  The  pig's  stomach  is  a  good  one  for  examination.  A  veiy 
sharp  knife  is  required.  The  thinnest  sections  maybe  obtained  after 
drying  the  mucous  membrane  according  to  the  plan  described  in 
I>age  Sj.  The  sections  are  to  be  remoistened  with  distilled  water,  and] 
made  transparent  by  the  addition  of  a  little  weak  acetic  acid  or  polasl 
The  sub-mucous  areolar  tissue  may  be  very  readily  demonstrati 
by  removing  a  small  piece  from  the  under  surface  of  the  mucous 
membrane  with  scissars,  and  tearing  it  up  with  needles.  Beneath 
the  hard  cuticular  mucous  membrane  of  the  esophagus,  there  is  an 
abundant  layer  of  lax  areolar  tissue,  which  connectsthe  lining  mem- 
brane with  the  muscular  coat  beneath,  and  permits  the  greatest  altera- 
tion of  the  form  of  the  tube  during  the  passage  of  its  contents,  to 
take  place.  A  small  piece  of  this  may  be  readily  removed  foe: 
examination  and  consists  of  areolar  tissue  with  vessels,  nerves  and  ■ 
few  lymphatics.  I 

»i.  VIUL — HDicnlu-  Fibre*. — LmmcbU.— One  of  the  best  plans^ 
of  demonstrating  the  villi,  which  project  from  the  surface  of  the  mucous 
membrane  of  the  small  inicstine  is  the  following: — A  stream  of 
water  is  allowed  to  flow  over  the  surface  so  as  to  cause  the  villi  to 
fall  in  one  direction.  A  clean  cut  is  then  made  across  the  intestin^, 
and  the  villi  caused  to  fall  in  an  opposite  direction  by  the  stream 
water.  When  a  very  thin  section  is  removed  from  the  freshly  cul 
surface,  one  or  two  rows  of  entire  villi  will  be  readily  obtained. 

The  epithelium  is  often  removed  from  the  surface  of  the  villi  tqf  ■ 
this  process.  Its  arrangement  is  represented  in  pL  XXXII,  figs^, 
207,  210,  and  in  fig.  204  some  of  the  separate  cells  are  seen. 

The  muscular  fibres  a.K  to  be  shown  by  washing  off  the  epitheliui 
and  treating  the  villi  with  a  solution  of  acetic  and  nitric  acid,  couk 
posed  of  about  four  parts  of  water  to  one  of  add.  Besides  the 
longitudinal  muscular  fibres  first  described  by  Briicke,  there  are 
circular  or  transverse  fibres,  which  I  have  demonstrated  by  the  aid 
of  the  process  described  in  part  V.  Nerves  and  ganglia  of  the 
tine  are  referred  to  in  p.  lag.     Sm  also  pi.  XXXI. 

The  elementary  structure  of  the  muscular  coat  of  the  intesi 
may  be  demonstrated  by  soaking  small  shreds  in  nitric  acid  dilut 
with  four  or  five  parts  of  water. 


WITH   THE   MICROSCOPE. 


133 


;  Lacteais  may  be  demonstrated  when  filled  with  chyle  at  the 
time  of  dealh.  Their  arrangement  may  be  very  satisfactorily  observed 
in  the  villi  of  a  rat  or  mouse  which  has  been  fed  upon  a  small 
quantity  of  fatty  food   for  some    lime  before  death.     The    animal 

'    should  be  killed  by  suddenly  dashing  it  on  the  floor.     It  should  be 

I  examined  immediately  or  the  lacteais  will  become  emptied  before 
they  are  placed  under  the  microscope. 

The  alimentary  canal  of  the  mouse  is  well  suited  to  the  purpose 
of  microscopical  investigation.  The  villi  are  large  and  conical, 
and  beautiful  transparent  injected  preparations  of  them  may  be 
Eoade.  A  small  piece  of  intestine  may  be  injected  without  difficulty 
according  to  the  plan  indicated  in  fig.    166,  pi.  XXV.     After  the 

'   vessels  have  been  injected,  the  intestine  is  to  be  slit  up  and  small 

I  pieces  inverted  upon  the  surface  of  glycerine  containing  a  little 
acetic  acid  (i  per  cent).  In  this  way  the  villi  are  made  to  stand  up 
firmly  from  the  surface  of  the  raucous  membrane,  and  they 
retain  their  position  when  the  specimen  is  mounted  permanently, 
pL  XXXII,  fig.  108.     In  fig.  109  villi  in  which  the  lacteais  have 

I   been  injected  are  represented. 

SSS.  Of  tbe  noTcmenM  af  ife«  Chyle.— For  studying  the  move- 
mmts  of  lh£  chyU  in  the  lacteais,  a  mouse,  rat,  or  young  rabbit 
may  be  taken.  The  animal  should  be  fed  with  a  little  lard  beaten 
with  a  piece  of  pancreas  and  a  small  quantity  of  bile,  so  as  to 

I  form  a  soft  pultaceous  mass  which  may  be  strained  through  muslin. 

I  About  half  an  ounce,  or  less,  of  the  cream-like  fluid  may  then  be 
;cted  by  the  aid  of  a  small  syringe  into  a  flexible  catheter  which 
has  been  passed  down  the  gullet  into  the  animal's  stomach.     After  a 

I   couple  of  hours,  the  creature  should  be  pithed,  stunned,  or  destroyed 

,  very  suddenly,  and  a  small  portion  of  the  mesentery  with  the 
intestine  attached  withdrawn  through  an  aperture  in  the  abdominal 

I  walls  and  submitted  to  microscopical  examination  with  a  low  power. 


Organs  of  Circulation, 

The  examination  of  the  variou.s  textures  entering  into  the  foima- 

,  tion  of  the  circulating  organs  has  been  already  referred  to,  but  I 

'   propose  in  this  place  to  describe  the  method  of  examining  the  blood 

corpuscles,  and  allude  to  that  of  investigating  the  phenomena  of  the 

circulation  during  life. 

sas,  BioBd  CorpnMle*  or  globules  from  the  human  subject,  are 

represented  in  pi.  XXXIII,  fig,  212,    Their  general  characters,  and 

'  especially  their  colour  and  refractive  power,  should  be  contrasted 

with  oil  globules   of  different  kinds,  air  bubbles,  and  microscopic 
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fungi.  The  student  should  cnrefiiliy  examine  specimtns  of  these' 
liodies.  Blood  corpuscles  are  readily  obtained  by  pricking  the  finger. 
A  very  thin  stratum  of  the  fluid  is  alone  required.  By  drawing  a 
needle  across  the  thin  glass  under  which  the  blood  corpiicles  are 
placed,  they  may  be  divided  into  many  smaller  globules.  This  proves 
ihal  the  red  blood  corpuscles  consist  of  a  mass  of  soft  viscid 
matter,  the  outer  part  of  which  is  somewhat  hardened.  This  subject 
has  been  fully  considered  in  "The  Microscope  in  its  Apjilication  to 
Practical  Medicine,"  p.  i6g.  The  sporules  of  some  fungi  very  closely 
lesemble  blood  corpuscles,  and  have  been  mistaken  for  them.  The 
<.'ommon  yeast  fungus,  in  different  stages  of  growth,  is  represented  a 
pi.  XXXIII,  fig.  III.  The  blood  corjiusclcs  of  some  animals  ctysl 
lize  very  readily.  The  student  should  place  a  drop  of  Guinea  pij 
blood,  under  thin  glass,  and  study  the  changes  which  occur  in 
corpuscles  during  a  quarter  of  an  hour  or  twenty  minutes,  pi,  XXXIl 
figs.  213,  ai6. 

The  sloth  and  the  camel,  among  mammalia,  are  said  to  possess 
nucleated  red  blood  corpuscles,  but  Dr.  Rolleston  was  unable  to  verify 
this  observation  in  an  examination  he  made  a  short  time  since.  We 
cannot,  however,  entirely  accept  his  conclusions,  because  the  blood 
examined  by  him  was  dried  on  the  glass  slide.  "  Note  on  the  Blood 
Corpuscles  of  the  two-toed  Sloth,  Cholcepus  Didactylus,"  Mic  Journal, 
April,  1867,  p.  117, 

Red  blood  coriniscles  of  the  frog  arc  represented  in  fig,  214, 
pi.  XXXIII,  and  in  fig.  aij,  white  blood  corpuscles  of  the  same 
animal. 

XS4.  or  the  circulation  at  tbe  Blood. — For  studying  the  circu* 
lation  in  the  web  of  the  frog's  foot,  a  young  frog  with  a  thin  web 
should  be  selected,  The  body  and  one  hind  leg  are  loosely  bound 
up  in  wet  rags,  the  other  leg  being  allowed  to  protrude.  The  body  U 
then  tied  to  the  frog  plate,  and  a  piece  of  thread  having  been  0016* 
fully  tied  to  two  of  the  toes,  the  webs  may  be  stretched  over  the 
glass  at  the  end  of  the  plate,  and  fixed  in  the  proper  position  for 
observation,  A  drop  of  water  may  then  be  added,  and  the  web 
covered  with  thin  glass. 

By  careful  observation  of  the  circulation,  first  of  all  under  a  low 
power,  and  then  under  a  quarter  of  an  inch  object-glass  most  impor- 
tant and  highly  interesting  facts  will  be  learnt.  In  cases  in  which  it 
is  necessary  to  conduct  observations  on  the  circulation  with  the  aid 
very  high  powers,  it  will  be  found  desirable  in  practice  to  increase 
the  length  of  the  tube  instead  of  emplojing  object  glasses  of  vety 
high  magnifying  power.  A  quarter  of  an  inch  object  glass  may  thus 
be  made  to  magnify  as  highly  as  a  twelfth,  and  as  the  distance 
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between  the  object  glass  and  the  thin  glass  covering  the  web  is  very 
considerable,  there  is  not  the  same  danger  of  serious  derangement 
every  time  the  animal  moves  slightly.  Several  diflbrent  lengths  of 
tube  may  be  adai)ted  to  the  microscope  body,  which  may  be  thus 
I  increased  to  the  length  of  two  feet  or  more,  if  desired. 

a  small  artery  be  brought  into  focus  and  the  tip  of  one  of  the 
['toes  be  very  lightly  touched,  the  artery  is  seen  to  contract  imme- 
I  diately,  aud  somewhat  inegultu'ly  in  different  parts  of  its  course. 
f  Sometimes  a  few  blood  corpuscles  are  firmly  compressed,  and  for 
I  several  seconds  the  vessel  remains  so  strongly  contracted  that  not  a 
l.corpuscle  passes  along  iL  By  performing  this  instructive  experiment, 
■ilhe  observer  may  re.xlise  the  effects  of  the  wonderful  contractile 
ft^wer  of  the  coats  of  [the  smaller  arteries,  and  demonstrate  conclu- 
I'Sively  that  the  afferent  nerve  fibres  distributed  to  the  skin  of  the  foot 
Irgeneraliy,  influence  the  nerve  centres  from  which  the  nerves  ramifying 
Bamongst  the  muscular  fibres  of  the  arterial  coats  lake  their  use.  This 
»  a  l»eautiful  instance  of  reflex  nervous  action  affecting  the  vessels. 
The  circulation  may  also  be  studied  during  life  in  the  capillaries 
■of  tlie  tail  of  a  small  fish,  minnow,  stickleback,  eel,  carp,  &c.  The 
fish  should  be  wrapped  up  in  wet  Hnt  and  loosely  tied  at  one  end  of  a 
glass  slide,  the  tail  being  placed  about  the  centre,  and  covered  with 
a  piece  of  very  thin  glass. 

t2SS.  Of  tbe  Actlan  of  tke  Beart, — A  more  correct  idea  of  the 
mode  of  action  of  ihe  heart  may  be  formed  by  watching  its  conirac- 
lions  in  a  small  living  animal  under  the  microscope  than  in  any  other 
■way  with  which  I  am  acquainted.  A  young  fish,  or  newt,  or  frog' 
tadpole  may  be  taken  for  the  purpose,  but  I  have  found  that  a  young 
snake  removed  from  the  e^  exhibits  the  phenomena  most  beautifully. 
The  blood  may  be  distinctly  seen  as  it  eddies  through  the  various 
apertures  in  passing  to  or  from  the  different  vessels  and  cavities  of 
the  heart     The  undulating  contractions  of  the  auricles  and  ventricle 

I  of  the  heart  are  very  wonderful  Under  a  two-inch  power  adapted 
fo  a  binocular  microscope,  the  movements  of  the  heart  may  be 
itudied  most  advantageously. 
\  The  circulation  in  the  tadpole  has  been  well  described  by 
ICr.  Whitney  (Trans.  Mic.  Soc,  vol.  X.  p.  i,  1862.)  The  animal 
jBlould  be  starved  for  a  few  days  before  being  submitted  to  examina- 
tion, in  order  that  the  intestine  may  become  transparent. 

The  branchia  of  the  frog  tadpole  or  young  newt  may  be  examined 
in  a  flat  glass  cell  specially  prejiared  for  the  purpose,  and  by  an 
arrangement  of  tubes  the  animal  maybe  supplied  with  fresh  water 

Ele  it  remains  under  observatioD,     In  pi.  XVIII,  fig.  106,  is  repre- 
led  a  form  of  cell  which  I  made  some  years  ago  for  a  proteus,  but 
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a  celt  for  &  newt  or  other  animal 
The  circulation  of  the  blood  in  the  capillary  vessels  oratnammdian 
animal  may  be  studied  in  the  diin  membrane  forming  the  wing  of  a 
young  bat 

The  examination  of  the  moving  objects  alluded  to  in  this  sectii 
should  be  conducted  with  the  aid  of  the  binocular. 


Exatninalion  of  Organs  of  Respimtion. 
.  LmK' — There  is  not  mtich  difficult)-  in  demonstrating 


Afferent  tissues  of  which  the  lung  is  composed.  Small  pieces  may 
be  cut  off,  and  spread  out  upon  the  gl.iss  slide  in  the  usual  way ;  the 
preparation  being  moistened  with  water  or  seram.  The  addition  of  a 
little  acetic  acid  causes  the  yellow  elastic  tissue  to  become  very 
distinct  The  boimdaries  and  arrangement  of  the  air-cells  may  also 
be  readily  shown. 

No  opinion  with  reference  to  the  nature  of  the  walls  of  the  air- 
cells  can  be  arrived  at,  unless  injected  as  well  as  uninjected  specimens 
are  examined.  The  twisted  and  shrunken  capillaries  of  the  recent 
lung  containing  a  few  blood  corpuscles,  produce  an  appearance  which 
is  very  likely  to  give  rise  to  erroneous  inferences  with  regard  to  the 
disposition  and  coverings  of  these  vessels.  Either  the  Prussian  blue 
or  carmine  injecting  fluid  may  be  employed.  A  most  instructive 
preparation  of  the  lung,  however,  is  made  by  injecting  the  vessels 
with  tolerably  thick  transparent  gelatine,  which  transudes  through 
theit  walls,  and  fills  the  air-cells.  After  the  lung  has  been  thoroughly 
injected,  it  is  set  aside  to  get  coo!.  Thin  slices  may  be  examined, 
ind  the  vessels  will  be  seen  in  situ  apparently  bare,  and  uncovered 
^y  epithelium.  (Physiological  Anatomy,  Todd  and  Bowman,  page 
393.  Mr.  Rainey  in  the  Mcdico-ChJrurgical  TiansacI 
vol.  XXXII.  1849,  page  47.) 

Much  difference  of  opinion  has  been  expressed  with  reference 
the  existence  of  epithehum  in  the  aircells  of  ihe  lung.  I  have  lately 
carefully  examined  healthy  human  lungs  which  have  been  prepared 
in  various  ways,  and  have  completely  failed  to  demonstrate  the 
presence  of  such  a  structure  in  the  healthy  adult,  or  in  the  lungs  of 
several  mammalian  animals.  I  have  never  seen  sucli  appearances  as 
are  represented  in  many  drawings,  showing  this  epithelium  so  dis- 
tinctly, that  one  would  be  led  to  conclude  that  it  was  to  be  seen 
without  the  slightest  difficulty.  In  the  ftelus  and  young  child,  how- 
ever, cells  arc  found  in  the  air-cells,  but  it  seems  to  me  very  doubtful 
if  these  take  any  part  in  the  function  of  respiration.  The  masses 
germinal  matter  (nuclei)  of  the  capillary  ivalls  may  be  very 
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mistaken  for  epithelium,  fig.  217,  pi.  XXXIII.  In  the  lungs  of  the 
frog  and  newt  there  are,  however,  distinct  epithelial  cells. 

TVachea  and  Bronchial  Tubes. — The  mucous  membrane  of  the 
trachea  and  bronchial  tubes  must  be  examined  in  the  recent  state  by 
cutting  thin  sections  with  a  very  sharp  knife. 

Beneath  this  mucous  membrane  is  an  abundant  plexus  of  lymphatic 
vessels.  In  many  cases  these  contain  lymph  corpuscles  and  fatty 
matter  in  a  granular  state,  so  that  their  arrangement  may  be  easily 
made  out.  The  lymphatics  upon  the  surface  of  the  lung,  immediately 
beneath  the  pleura,  may  also  sometimes  be  very  clearly  demonstrated. 
I  have  one  specimen  in  which  these  lymphatics  are  completely  dis- 
tended with  large  oil  globules  and  granular  matter,  so  that  the  position 
of  their  valves  is  rendered  very  distinct,  and  the  smallest  branches  can 
be  followed  into  the  intervals  between  the  lobules  of  the  lung.  In 
this  specimen  the  tubes  certainly  form  a  network,  but  in  many  situa- 
tions appearances  are  observed  which  lead  to  the  conclusion  that 
these  tubes  also  commence  in  CKcal  extremities. 

In  examining  the  ciliated  epithelium  of  the  air  passages,  it  is  only 
necessary  to  scrape  the  surface  gently,  and,  if  necessary,  the  prepara- 
tion may  be  moistened  with  a  little  serum,  as  water  would  very  soon 
■  stop  the  motioo. 


Or^ns  of  Secretion. 

t»7.  SBllvaiT  cisn4B  wa*  Panmaa. — The  investigation  of  the 
salivary  glands  and  pancreas  scarcely  requires  any  special  remarks. 
The  best  idea  of  their  structure  is  obtained  by  subjecting  one  of  the 
smallest  labial  or  buccal  glands,  and  Bninner's  glands  to  examination. 
The  ultimate  follicles  and  epithelium  are  very  easily  demonstrated  in 
specimens  which  have  been  soaked  for  some  time  in  glycerine.  It  is 
often  troublesome  to  trace  the  continuity  of  the  duct  with  the  follicles, 
in  consequence  ^of  some  of  the  latter  covering  its  terminal  portion, 
The  ducts  of  the  salivary  gland  and  pancreas  may  sometimes  be 
injected,  and  it  is  advantageous  to  subject  the  organs  to  firm  pressure 
for  some  time  previously,  so  as  to  absorb  as  much  as  possible  of  the 
fluid  they  contain,  and  favour  the  entrance  of  the  injecliorL  Good 
sections  may  often  be  obtained  from  specimens  which  have  been 
hardened  in  alcohol  and  soda.  The  arrangement  of  the  capillaries  is 
easily  made  out  in  specimens  injected  with  vermilion,  chromale  of 
lead,  or  transparent  injection.  If  the  vessels  are  injected  with  gelatine 
only,  very  instructive  sections  may  be  made.  In  such  investigations, 
however,  it  is  necessary  to  make  a  vast  number  of  sections  and 
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examine  diem  carefully,  or  the  observer  will  noL  be  able  to  fomi  a.    1 
correct  idea  of  the  structure  of  the  gland.  1 

t»S.  U*er— Ccnenti  EuunlDBtlon. — To  demonstrate  the  dif-  J 
ferem  stmcmres  in  the  liver  very  different  processes  are  required.  If  1 
the  cells  alone  are  to  be  esamined,  a  freshly-cut  surface  may  be  1 
scraped  with  a  sharp  knife,  and  the  matter  thus  removed  placed  in  I 
a  drop  of  water  or  serum,  and  covered  with  the  thin  glass.  The  i 
appearance  of  a  cell  wall  is  pretty  distinct  in  water,  but  [his  is  due  J 
partly  to  the  difference  in  refractive  power  of  the  water  and  the  M 
material  of  which  the  so-called  cell  is  composed,  and  partly  to  the  I 
action  of  ihe  water  itself  upon  this.  If  the  cells  be  placed  in  senitD  I 
or  glycerine,  they  ajipear  perfectly  solid,  and  no  envelope  can  be  I 
discovered,  and  in  some  cases  sharp  points  are  seen  to  project  front.  J 
different  parts  of  the  cell,  a  fact  which  renders  the  presence  of  a  ■ 
membrane  almost  Impossible.  The  liver  cell  is  in  fact  a  mass  of  ■ 
soft  material  the  outermost  part  of  which  is  undergoing  change.  ^ 

In  order  to  demonstrate  the  relation  which  the  different  elements 
and  structures  of  the  liver  bear  to  each  other,  it  is  advisable  to  cut 
a  very  thin  section  by  means  of  Valentin's  knife,  from  the  organ 
when  quite  fresh ;  or  thin  sections  may  be  taicen  from  portions  of 
liver  which  have  been  hardened  in  alcohol,  chromic  acid,  &c.     The 
vessels  of  the  liver  may  sometimes  be  demonstrated  by  washing  the 
cells  away  from  a  thin  section  with  a  stream  of  water,  and  then 
treating  it  with  a  little  dilute  caustic  soda.     In  specimens  prepared 
in  this  way,  however,  the  capillaries  are  often  quite  invisible.     From 
the  extreme  tenuity  of  their  walls  in  many  cases,  not  a  trace  of  them  ■ 
can  be  discovered — indeed  the  existence  of  the  capillar}'  wall  can^ 
only  be  proved  by  filling  the  vessels  with  transparent  injection  in  the! 
firsi  instance.  ' 

A  consideration  of  the  various  elementary  tissues  of  which  the 
different  organs  of  the  body  are  composed,  would  of  itself  almost 
lead  to  ihe  inference  that  several  different  methods  must  be  employed  . 
when  we  desire  to  demonstrate  their  individual  characters,  lliep 
medium  in  which  these  different  tissues  are  most  satisfactorily  exani-J 
ined,  depends  upon  certain  physical  characters,  chemical  composi>l 
tion,  transparency  and  refractive  power.  It  is,  therefore,  next  tOrfl 
impossible  to  demonstrate  al!  the  anatomical  elements  of  which  aafl 
organ  is  composed  in  one  single  specimen.  The  student  should^ 
bear  in  mind  that  the  idea  of  the  organ  as  il  exists  during  life,  mm 
formed  from  building  up,  as  it  were,  in  his  own  mind  the  varioutj 
structures,  die  arrangement  of  whiih  has  been  demonstrated  Iq^a 
sex'eral  distinct  methods  of  investigation. 

XSV.  On  IhMnuiutratliiK  tL«  Hiructure  of  tke  Liver. — The  inves- J 
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ligation  of  the  structure  of  the  liver  is  somewhat  difficult,  owing  to 
the  numerous  distinct  tissues  which  compose  the  organ  and  their 
intimate  connection  with  each  other. 

Lobula  of  the  Liver. — The  arrangement  of  the  lobules  in  most 
livers  is  very  different  to  that  of  the  pig.  In  the  latter  there  ate 
ilistinct  lobules,  each  being  inclosed  in  a  capsule  of  Abrous  tissue. 
In  that  of  most  animals,  however,  although  there  is  a  mapping  out 
of  the  entire  organ  into  small  elementary  organs,  or  lobules,  these 
are  not  separated  from  each  other  as  in  the  pig,  but  the  capillaries  of 
one  lobule  communicate  at  various  points  with  those  of  adjacent 
lobules.  They  are  not  seimrated  by  fibrous  or  other  tissue,  and  no 
structure  answering  to  the  description  given  of  Glisson's  capsule,  can 
be  demonstrated  in  this  situation.  Great  confusion  with  regard  to 
:  nature  of  the  "  lobule,"  has  arisen  from  observers  considering 
the  pig's  liver  as  the  type  to  which  others  should  be  referred,  whereas 
its  arrangement  is  exceptional  and  totally  different  from  the  human 
and  most  mammalian  livers. 

Separate  pieces  of  liver  the  size  of  half  an  orange  may  be 
injected  without  difficulty.  In  one  the  portal  vein  may  be  filled  ; 
in  another  the  hepatic  vein ;  in  a  third  the  artery,  and  in  a  fourth 
the  duct,  or  two  or  more  of  these  tubes  may  be  injected  in  the  same 
specimen.  The  portal  vein,  the  artery,  and  the  duct  run  together, 
while  the  branches  of  the  hepatic  vein  run  by  themselves,  so  that  in 
sections  where  the  vessels  are  large,  the  student  will  soon  have  to 
distinguish  the  different  tubes. 

■  Portal  Vt'm. — The  general  arrangement  of  the  portal  vein  may 

be  easily  demonstrated  by  injecting  one  of  the  large  trunks  of  this 
vessel  Any  of  the  ordinary  injecting  materials  may  be  used,  but  I 
jirefer  the  Prussian  blue  injection  to  which  sufficient  gelatine  has 
been  added  to  cause  it  to  set  firmly.  It  is  desirable  rot  to  attempt 
to  make  a  very  complete  injection,  but  to  leave  the  capillaries,  in  the 

I  centre  of  the  lobules,  in  an  uninjected  state. 
Hepatic  J-V/n.— The  injecting  pipe  may  be  placed  in  one  of  the 
branches  exposed  on  the  cut  surface  of  the  liver.  The  injection 
runs  very  readily,  and  upon  examination  it  will  be  found  that  the 
capillaries  in  the  centre  of  the  lobules  only  are  filled.  The 
portal  vein  may  be  injected  in  one  part  of  a  liver,  and  the  hepatic 
vein  in  another  part  Sections  of  the  lobules  in  which  the  btter  has 
been  injected,  of  course  form  the  exact  complement  of  those  of  the 
former.  In  the  one,  the  central  portion  of  the  lobule  has  been 
injected,  while  in  the  other,  the  injection  is  confined  to  the  vessels 
and  capillaries  at  the  circumference  of  the  lobule.  By  injecting  the 
portal  and  hepatic  veins  in  the  same  part  with  different  colours,  these 
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points  may  be  shown  in  one  preparation.  Beautiful  specimens  of 
this  kind  may  be  prepared  by  injecting  one  vessel  with  the  acid 
carmine  and  the  other  with  Prussian  blue  fluid.     See  pages  95.  97. 

Thin  sections  may  be  cut  with  Valentin's  knife  or  m-ith  the 
double-edged  scalpel ;  and  it  is  desirable  to  take  several  thin  sections 
from  the  surface  of  the  organ.  The  sections  may  be  preserved  ia 
fluid  or  dried  and  mounted  in  Canada  balsam ;  I  much  prefe 
glycerine  as  the  preservative  medium. 

Artery. — The  surface  of  the  organ  is  supplied  by  an  extensive* 
arterial  network,  and  the  portal  canals  also  contain  a  similar  net- 
work. The  coats  of  the  ducts  are  largely  supplied  with  arterial 
blood,  and  the  finer  ducts  are  in  close  relation  witli  numerous  small 
branches  of  the  artery.  The  precise  mode  in  which  the  blood  is 
poured  into  the  veins  has  been  a  subject  of  great  dispute,  but  I  have 
many  preparations  which  show  that  the  blood  is  poured  into  the 
portal  capillaries  near  the  circumference  of  the  lobule  as  Kieman  long 
ago  inferred,  and  not  into  those  near  the  centre,  PhiL  Trans.,  1833. 

S4*.  ornucctlnvthe'Dufltit  »fili«  lAtn. — The  method  of  inject*' 
ing  the  ducts  of  the  liver  has  been  already  described  in  page  loi. 

Since  the  publication  of  my  paper  in  the  Phil.  Trans,  for  1855, 
and  memoir  upon  the  anatomy  of  the  liver,  in  which  this  mode  of  i 
investigation  was  described,  1856,  several  views  concerning  the' 
arrangement  of  the  ducts  absolutely  incompatible  with  my  own  have 
been  advanced  by  continental  anatomists.  The  plans  which  I' 
followed  have  been  repeated  several  times,  and  have  in  every  instance' 
confirmed  the  results  which  I  previously  arrived  at  I  have  quite 
recently  {1867)  re-studied  this  subject  and  have  succeeded  in  making 
some  preparations  which  are  quite  conclusive  as  to  the  continuity 
of  the  ducts  with  a  cell  containing  network  in  the  lobule.' 

141.  Kidner.     The  Ankiomy  of  Glandular  Orsmna  nor«  caaliy 

•  It  is  curious  to  observe  how  positively  some  reiferate  the  asscilion  that  the 
roalian  liver  does  nol  posjess  a  lubulnr  structure— Quile  recently  Ewalcl  Heruig,  of] 
Vienns,  after  admiltiiig  that  the  vertebra.Ie  liver  in  general  is  to  be  regarded 
"reticnlnrly  arranged  tubular  gland,"  goes  on  to  say  that  "all  the  ofl-repcated' 
accuuau  of  a  tulnilar  structure  of  the  mammalian  liver,  1  must  p<nnt  out 
ous  (!).  For  instance,  Scale's  broiliat  representation,  which  is  intended  to  demon- 
strate the  tabular  structure  of  the  pig's  liver,  shows  me  plainly  that  a  completely 
mined  (!)  preparation  was  the  foundation  of  iL  The  injection  mass  is  extravasated 
out  of  the  gall  ducts,  the  liver  cells  are  distorted  from  their  natural  position,  and  to 
such  on  extent  destroyed.  Beale  has  also  investigated  the  liver  of  cold-blooded 
vertebrata,  and  this  may  have  misted  the  distinguished  microscopist  in  suppoung  (I) 
analogous  circumstances  Tor  the  tDammalia."  I  can  assure  thi«  observer  thai  my 
specimen  was  not  ruined,  that  I  saw  what  I  affirmed,  and  have  nevei 
demonstrations  what  are  but  suppositions.  Further  observations  I  venture  to  think 
will  convince  Hcring  thai  the  mistakes  and  suppositions  are  not  on  my  side. 
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DemonstraMd  In  the  Lawer  Anlnuds  than   In   Man   anit  ibe  HiKber 

Anlmala. — In  consequence  of  the  great  complexity  of  the  structure 
of  many  of  the  tissues  of  the  higher  animals,  their  rapid  change  after 
their  removal  from  the  body,  and  their  extreme  delicacy,  anatomists 
have  long  been  in  the  habit  of  resorting  to  the  examination  of  tex- 
tures in  the  lower  forms  of  animal  life  for  obtaining  an  insight  into 
the  structure  of  parallel  tissues  in  the  higher,  and  with  considerable 
success,  I  can  adduce  no  better  eTcample  of  the  great  value  of  such 
an  appeal  to  the  simpler  forms  of  animal  life  than  occurs  in  the  case 
of  the  kidney. 

In  animals  generally,  this  gland  consists  essentially  of  a  vast 
number  of  long  and  highly  tortuous  tubes — which  in  the  higher 
members  of  the  class  are  packed  so  closely  together  that  they  form 
a  firm  and  very  compact  organ,  the  general  characters  of  which  are 
familiar  to  all — and  of  vessels  bearing  a  particular  relation  to  these 
tubes.  In  such  a  kidney  it  is  impossible,  under  ordinary  circum- 
stances, to  follow  a  tube  for  any  very  great  length,  as  the  observer 
will  be  convinced  if  he  looks  at  a  specimen  in  the  microscope;  bnt 
in  the  lower  animals  the  kidney  is  less  compact,  and  the  several 
tubes  are  not  so  intimately  connected  together.  Indeed,  in  many 
of  them  the  kidney  is  prolonged  into  a  thin,  transparent,  almost 
thread-like  organ,  which  extends  into  the  thoracic  portion  of  the 
animal.  In  this  situation  in  the  common  neu'l  or  tft  (Triton  or 
Lissotriton)  we  have,  so  lo  say,  a  natural  dissection  of  the  elements 
of  the  gland  structure,  and  we  may  ihmonslrale  an  arrangement,  the 
existence  of  which  we  can  only  infer  by  an  examination  of  thin  sections 
of  the  compact  kidney  of  mammalia.  The  method  of  dissection  is 
described  in  §  257  on  Ciliary  Movement,  p.  i6j.  Single  tubes, 
with  the  structures  connected  with  them,  may  be  traced  throughout 
their  entire  length,  and  are  quite  separate  from  one  another.  I  need 
hardly  observe,  that  it  would  be  vain  lo  attempt  to  make  such  a 
dissection  artificially.  See  fig.  Ji8,  pi.  XXXIII.  A  probe  is  placed 
under  this  portion  of  the  kidney.  If  a  piece  of  this  be  carefully 
removed  from  the  recently-killed  animal,  the  cilia  lining  the  whole 
length  of  the  tube  will  be  seen  in  active  vibration.  Beautiful  speci- 
ns,  showing  the  continuity  of  the  tube  with  the  flask-like  dilatation 
enclosing  the  vessels  of  the  tuft,  may  be  obtained  from  animals 
which  have  been  injected  with  the  Prussian  blue  fluid,  fig.  jig. 

Many  other  instances  of  the  value  of  this  kind  of  investigation 
might  be  adduced  of  equal  interest  and  importance,  but  instead  of 
occupying  time  in  this  manner  I  will  most  strongly  urge  upon  all 
those  who  are  likely  to  prosecute  researches  upon  the  characters  of 
any  particular  tissue  or  organ,  the  importance  of  investigating  care- 
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fully  its  nature  in  the  different  members  of  the  creation,  and  espft^ 
daily  in  the  lowest  forms  in  which  its  existence  has  been  proved, — 
for  there  we  may  be  sure  to  find  it  in  its  simplest  condition,  and  the 
mind  will  be  better  able  to  appreciate  the  exact  meaning  of  the 
structures  which  are  superadded,  and  the  more  elaborate  anatomical 
detail  which  is  met  with  in  the  higher  animals,  than  if  we  commencf 
our  researches  upon  the  most  perfect  examples  of  the  structure. 
In  the  examination  of  the  mammalian  kidney,  the  epitheliun 
fragments  of  the  tubes  may  be  readily  obtained  by  scraping  the 
freshly  cut  surface.  In  this  manner  also  Malpighian  tufts  may  often 
be  separated,  but  it  is  impossible  to  ascertain  the  relation  of  the 
different  structures  to  each  other,  as  by  the  process  of  scraping  thi 
are  inevitably  very  much  torn,  A  thin  section  in  which  these  poini 
may  be  demonstrated,  Is  obtained  either  with  a  sharp  thin-bladed 
knife,  or  more  advantageously  witli  a  Valentin's  knife,  by  which 
means  a  section  including  both  the  cortical  and  medullary  portion  of 
the  organ  may  be  made.  After  washing  the  section  very  slightly,  it 
may  be  pl.iced  with  a  drop  of  water  between  two  pieces  of  glass,  andl 
examined  in  the  microscope,  first  using  a  low  power  (an  inch  glass),  I 
by  which  the  general  arrangement  of  the  tubes  will  be  seen,  and 
afterwards  a  quarter  of  an  inch  object-glass,  by  the  aid  of  which  ihe 
different  characters  of  the  epithelium  in  die  straight  and  convoluted 
portions  of  the  tubes  may  be  demonstrated, 

141.  BKHcmeiit  ncmbrBnc,  Matrix,  ami  Veiiiclri. — Just  at  the 
edge  of  the  specimen,  a  portion  of  a  tube  striiiped  of  epithelium,  and 
exhibiting  the  basement  membrane  veiy  distinctly,  may  often  be 
observed. 

The  appearance  which  has  been  described  as  resulting  from  the' 
presence  of  a  matrix  may  be  seen  very  clearly  in  a  section  of  the 
kidney  of  a  mouse,  or  in  that  of  many  other  rodents.  It  must,  how- 
ever, not  be  forgotten  how  very  difficult  it  is  to  say  how  much  of  the 
apfwarance  is  due  to  the  presence  of  the  walls  of  the  tubes  and 
capillary  vessels,  and  how  much  to  the  existence  of  a  structure  (the 
so-called  matrbt)  independent  of,  and  occupying  the  intervals  between, 
these.  Where  the  capillaries  are  injected  widi  transparent  injection, 
no  fibrous  appearance  is  to  be  detected ;  and  I  believe,  at  least  in 
healUiy  kidneys,  that  the  material  resembling  fibrous  tissue,  really 
consists  of  the  walls  of  the  tubes  and  the  shrunken  and  otherwise 
altered  capillaries. 

Here  and  there,  apparently  upon  the  vessels  of  the  Malpighian 
tuft,  a  few  celMike  bodies  are  often  seen.  These  have  beeil  described 
by  some  as  epithelial  cells  upon  the  external  surface  of  the  vessel, 
but  the  researches  of  Mr.  Bowman  proved  that  the  vessels  are  quiti 
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bare.  The  appearance  of  epithelium  upon  the  surface  of  the  vessel, 
is  caused  by  the  loops  of  capillaries  being  shrunken  and  collapsed. 
When  distended  with  transparent  injection,  no  such  appearance  is 
observable,  but  here  and  there  a  few  very  small  granular  cells  are 
observed.  Masses  of  germinal  matter  or  nuclei,  are  connected  with 
the  walls  of  these  vessels,  as  well  as  those  in  otlier  tissues.    Ses  p.  126. 

Orgatis  of  Innervation, 

S48.  Examlnatloii  of  tbe  Brain. — The  brain  may  be  subjected 
to  examination  as  soon  as  possible  after  death.  In  examining  the 
fresh  brain,  small  portions  may  be  removed  on  the  end  of  a  knife, 
placed  upon  the  glass  slide,  and  moistened  with  a  little  serum,  or 
weak  solution  of  sugar,  but  it  must  be  admitted  little  can  be  learnt 
by  such  a  mode  of  examination,  as  the  relation  of  the  structures  to 
each  other  is  completely  destroyed.  For  examining  the  arrangement 
and  distribution  of  the  nerve  fibres,  portions  of  brain  should  be 
hardened  in  the  chromic  acid  solution,  p.  57,  when  very  thin  sections 
can  be  obtained  with  a  sharp  razor.  Dilute  solution  of  caustic  soda  is 
also  exceedingly  useful .  for  rendering  the  nerve  tubes  more  distinct. 
The  minute  anatomy  of  the  brain  may  be  studied  in  man  and  in  the 
higher  animals. 

The  examination  of  the  dura  mater  and  arachnoid  is  conducted 
according  to  the  general  plan  already  laid  down.  Very  small  pieces 
are  removed,  carefully  torn  up  with  needles,  moistened  with  water, 
and  covered  with  thin  glass.  The  gritty  substances  (brain  sand)  in 
the  pineal  body,  and  those  which  are  not  unfrequently  met  with  in 
other  parts  of  the  brain,  and  the  HassalPs  corpuscles^  or  corpora 
amylaceay  may  be  separated  from  the  brain  substance  by  washing  in 
a  glass  of  water,  in  which  they  will  sink  to  the  bottom  ;  the  super- 
natant fluid  may  then  be  poured  off,  and  replaced  by  fresh  water. 
After  this  process  has  been  repeated  a  few  times,  the  bodies  in  ques- 
tion will  become  quite  clean.  They  may  then  be  examined  in  water, 
tested  with  appropriate  reagents,  and  preserved  in  aqueous  fluid,  or 
dried  and  mounted  in  Canada  balsam. 

The  vessels  of  the  brain  may  be  readily  examined  if  the  white 
or  grey  cerebral  matter  be  first  removed  by  washing  a  thin  section 
with  water.  The  addition  of  a  little  very  dilute  caustic  soda  renders 
the  outline  more  distinct 

The  investigation  of  the  anatomy  of  the  central  organs  of  the 
nervous  system  is  perhaps  the  most  difficult  which  the  student  can 
undertake,  and  it  is  not  easy  to  lay  down  principles  for  his  guidance. 
Very  much  yet  remains  to  be  discovered  with  reference  to  the 
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chemical  solutions  adapted  to  render  the  anatomical  elements  of  lliese 
tissues  distinct.  There  can  be  no  doubt  that  modes  of  investigation 
will  at  length  be  found  out  which  will  enable  us  to  demonstrate  satis- 
factorily the  relation  of  the  delicate  structures  which  make  up  the 
nervous  system,  to  each  other.  The  student  should  try  for  himself 
a  number  of  fluids  of  different  composition,  I  cannot  too  strongly 
recommend  the  plan  invented  by  Mr.  Lockhart  Clarke,  which  is 
given  below,  for  carrying  out  enquiries  of  this  nature. 

If  a  portion  of  white  cerebral  matter  be  treated  with  water,  the 
nerve  fibres  soon  become  changed  in  character,  apijarently  in  conse- 
quence of  the  partial  separation  of  the  oily  from  the  albuminous 
constituents  which  are  contained  within  the  tubular  sheath.  The  oily 
matter  forms  distinct  and  separate  globules,  often  of  considerable 
size,  or  it  tends  to  collect  in  quantiry  in  different  parts  of  tlie  fibre, 
which  produces  a  beided  appearance.  A  similar  change  takes  place 
in  nerve  fibres  generally,  if  they  are  not  examined  very  recently,  or 
if  they  have  been  soaked  for  a  short  time  in  water.  In  fig.  196, 
pi.  XXX,  some  of  these  changes  are  represented. 

X44.  Examlnuion  of  tbc  Spinal  Cord. — Different  parts  of  the 
cord  may  be  examined  in  the  fresh  state,  but  in  order  to  demonstrate 
the  beautiful  structure  described  and  figured  in  modem  works,  we 
must  have  recourse  to  certain  methods  of  preparation.  A  weak  solu- 
tion of  chromic  acid  is  invaluable  for  investigating  the  structure  of  the 
cord.  Segments  of  different  parts  are  placed  in  the  solution  and 
allowed  to  harden,  when  \'ery  thin  sections  may  be  readily  obtained 
and  examined. 

The  method  of  preparation  followed  by  Mr.  J.  Lockhart  Clarke, 
in  his  beautiful  and  highly  important  investigations  on  the  structure 
of  the  spinal  cord  was  the  following: — 

A  perfectly  fresh  cord  was  hardened  in  spirits  of  wine,  so  that 
extremely  thin  sections,  in  various  directions,  could  be  made  by 
means  of  a  very  sharp  knife.  A  section  so  made  was  placed  on  a 
glass  slide,  and  treated  with  a  mixture  composed  of  one  part  of 
acetic  acid  and  three  of  spirits  of  wine,  which  not  only  makes  the 
nerves  and  fibrous  portion  more  distinct  and  conspicuous,  but  renders 
also  the  grey  substance  much  more  transparent  The  section  was 
then  covered  with  thin  glass,  and  viewed  first  by  reflected  light  with 
low  magnifying  powers,  and  then  by  transmitted  light  with  higher 
ones. 

According  to  the  second  method,  the  section  is  first  macerated 
for  an  hour  or  two  in  the  mixture  of  acetic  acid  and  spirit  It  is  then 
removed  into  pure  spirit,  and  allowed  to  remain  there  for  about  the 
same  space  of  time.  From  the  spirit  it  is  transferred  to  oil  of  turpentine, 
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r  which    expels   the    spirit    in    the    form    of    opaque   globules,  and 
shortly  (sometimes  immedialely)  renders  the  section  perfectly  trans- 
parent    The  preparation  is  then  put  up  in  Canada  balsam,  and 
covered  with  thin  glass.     By  this  means  the  nerve  fibrils  and  vesicles 
become  so  beautifully  distinct,  thai  they  may  be  clearly  seen  with 
the  highest  powers  of  the  microscope.     If  the  section  be  removed 
from  the  turpentine  when  it  is  only  semi-transparent,  we  sometimes 
obtain  a  good  view  of  the  arrangement  of  the  blood-vessels.     This 
I  mode  of  preparation  succeeds  best  in  cold  weather,  for  in  summer, 
f  the  cord,  however  fresh  when  immersed   in  the  spirit,  remains  more 
or  less  spongy,  instead  of  becoming  firm  and  dense  in  the  course  of 
ix  days.     The  spirit  should  be  diluted  with  an  equal  quantity 
L  of  water  during  the  first  day,  after  which  it  should  be  used   pure. 
kCertain  modifications  of  this  mode  of  preparation  may  be  sometimes 
■employed  with  advantage  by  a  practised  hand.    (Phil.  Trans.,  1851), 
ITicse  processes  are  more  or  less  applicable  to  the  investigation  of 
the  brain  and  some  ganglia, 

For  some  time  past  Mr.  Clarke  has  adopted  a  modification  of  his 
original  plan.  He  has  been  kind  enough  to  send  me  the  following 
directions. 

The  spinal  cord  and  medulla  oblongata  of  man,  and  the  higher 

mammalia  are  to  be  cut  into  pieces  of  half  or  three  quarters  of  an 

inch  long,  and  steeped  in  a  solution  of  one  part  of  chromic  acid  in 

boo  parts  of  water,  for  three  weeks  or  a  month.     It  is  then  preserved 

Jor  use  in  a  solution  of  about  one  part  of  hifkromale  0/  polasA  in  zoo 

i  of  water.     For  hardening  the  convolutions  of  the  cerebrum 

ind  cerebellum,  the  solution  of  chromic  acid  must  be  weaker  than 

pfor  the  spinal  cord  or  medulla  oblongata,  that  is  the  proportion  of 

'■one  part  of  the  acid  to  four,  or  even  five  hundred  parts  of  water ; 

but  the  portions  of  brain  must  be  small,  not  more  than  half  an  inch 

thick,  otherwise  they  become  rotten  before  the  acid  has  reached  their 

^^^  centres.    A  little  spirit  added  to  the  solution  for  two  or  three  days,  after 

^^Ldie  first  day,  will  prevent  this.   The  pure  solution  can  then  be  renewed. 

^^H       Spirit  of  wine  is  used  to  wet  the  knife  or  razor  in  making  sections, 

^^t which  should  be  washed  in  water  before  they  are  placed  in  solution 

of   carmine.      When    sufficiently  coloured,  the  sections  are  again 

washed  in  water,  and  placed  for  ten  minutes  or  a  quarter  of  an  hour 

in  strong  spirit ;  after  which,  if  they  be  thin,  they  are  floated  on  the 

surface  of  spirit  of  turpentine,  where  they  remain  until  ihey  are  quite, 

or  nearly,  transparent,  when  they  are  removed  to  glass  slides,   on 

which  a  little  Canada  balsam  has  been  previously  dropped.     If  now 

Eined  under  the  microscope,  they  frequendy  show  but  hitle 
i  of  either  cells  or  fibres— a  circumstance  which  seems  to  have 
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c.iiiseii  Sthroeder,  Van  <ler  Kolk.  am!  some  others,  to  abandon  llrt 
method  at  first, — bill  if  the  sections  be  set  aside  for  a  little  whilir, 
and  treated  occasionally  with  a  little  turpentine,  the  cells  and  fibres 
reappear,  and    present   a    beautiful   appearance.      Before  Ihey  are 
finally  covered  with  thin  giass,  they  should  be  examined  at  intervab-J 
under  the  microscope,  to  see  whether  all  the  details  of  structure  have* 
come  out  dearly ;  and  if  so,  as  much  Canada  balsam  must  be  used  \ 
as  suffices  for  mounting.     If  the  sections  be  of  considerable /^Kfawr, 
it  will  lie  found  best  to  place  tliem  in  a  shallow  vessel,  the  bottom  of 
which  is  kept  simply  wet  wiih  turpentine,  which  can  therefore  ascend 
through  them  from  below,   while  the  spirit   evaporates  from  their 
upper  surfaces,  for  ihe  principle  of  the  method  is  this : — to  replace 
the  spirifby  tuqientine,  and  this  by  Canada  balsam,  without  lirying 
the  sections.     The  method  at  first  is  attended  with  some  difficulty, 
and  practice  is  necessary  to  ensure  complete  success.     Experience, 
also,  may  suggest,  according  to  circumstances,  certain  modifications 
of  the  exeul  process  here  given,  which,  to  a  certain  extent,  must  b 
considered  as  general. 

This  method  is  now  generally  adopted  in  investigating' the  strattu 
of  the  brain  and  spinal  cord.     Tx>ngitudinal  and  transverse  sectioon 
of  the  spinal  cord  are  represented  in  pi.  XXXIV,  figs,  uo,  2 

S4ft.  BxaminUion  or  Kcrve  OwikUb. — The  sympathetic  gangGl 
and  the  ganglia  on  the   jiosterior  roots   of   the  nerves   should  X 
obtained  from  young  animals,  for  in  adults  and  in  those  advanced  i 
age,  the  quantity  of  connective  tissue  is  so  great  as  to  hide  many  0 
the  cells  and  render  it  impossible  to  trace  for  any  great  distance  tW 
very  pale  delicate  neive-fibres  connected  with  thent.     In  Jnvestigatio 
upon  the  stnicture  of  these  cells  I  have  pursued  the  plan  of  inve^l 
ligation  described  in  part  V,  by  the  aid  of  which  I  was  enabled  tfffl 
demonstrate  that   at   least   two  fibres  (one  of  which  in  (he  fro^iJ 
ganglion  cells  was  coiled  round  the  other)  came  from  every  one  ofj 
these  ganglion  cells,  and  that  the  fibres  when  they  reached  the  nerve;-! 
trunks  pursued  opposite  directions.     See  pL  XXXIV,  fig.  313, 
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KEEPING   ALIVE,  AND  EXAMINING  THE 

LOWEK   ANIMALS. 


14«,  ar  CollectltiK  «nd  DredstOK. — To  those  fond  of  natural  his- 1 
tory,  few  things  are  more  delightful  than  a  ramble  over  the  beach  at-fl 
low  water  for  the  purpose  of  collecting.  Sea  dredging  adds  not  sT 
little  to  the  charms  of  boating,  and  by  the  aid  of  the  dredge  manjr  J 
interesting  creatures  may  be  caught,  which  never  advance  to  low 
water  mark.  But  there  are  many  organisms  which  inhabit  shallow 
fresh  water  pools  of  great  interest  to  the  observer.     The  a|tpamtus 
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required  for  laklng  these  is  very  simple,  and  I  shall  refer  to  it  before 
describing  that  for  marine  or  shore  trapping.  The  following  ai>- 
pliances  have  been  ananged  by  Mr,  Highley,  whose  great  practical 
experience  is  well  known,  anJ  nothing  can  be  more  suitable  for  the 
purpose  or  more  ingeniously  designed.  I  therefore  recommend  the 
observer  to  provide  iiimself  with  the  following  simple  pieces  of 
apparatus. 

A  walking  stick  with  a  telescopic  joint,  pi.  XXXV,  fig.  Z24,  so 
that  its  length  may  be  doubled  when  required,  for  the  purpose  of 
reaching  far  out  into  ponds  or  deep  down  between  rocks,  ditches,  or 
river  banks.  To  the  end  of  this,  may  be  screwed  a  wide-moulhed 
botlU,  which  is  introduced  into  the  water  mouth  downwards,  after  ihe 
manner  of  a  diving-bell,  and  only  turned  upwards  when  near  the 
desired  object,  and  in  such  a  way  that  it  may  be  carried  into  the 
bottle  with  the  rush  of  water.  The  bottle  should  then  be  care- 
fully brought  to  the  surface.  Such  objects  as  are  desired  should 
be  selected  and  removed  by  aid  of  a  pocket  pipette,  fig.  224,  and 
transferred  to  the  tubes  hereafter  described.  This  pipelte  consists  of 
a  glass  tube  drawn  out  to  a  [joint  and  cemented  into  a  German  silver 
lube,  which  is  fitted  with  a  cap,  after  the  manner  of  a  pen  case,  so 
s  to  protect  the  glass,  which  may  be  carried  in  the  waistcoat  pocket. 
Larger  objects,  such  as  water  insects,  young  newts,  &c.,  should  be 
caught  by  means  of  a  small  folding  net,  which  also  screws  into  the 
stick.  Tough  weeds  required  for  study,  or  which  are  covered  with 
animal  or  vegetable  parasites,  should  be  cut  away  by  means  of 
a  weed  kntff,  fig.  324.  This  consists  of  two  knife-edged  blades, 
hinged  to  form  a  V-shaped  tool,  and  is  likewise  adapted  to  the 
naturalist's  walking  stick.  When  it  is  desirable  to  obtain  mud,  shells, 
or  other  objects  out  of  the  reach  of  the  walking  stick,  the  micro- 
scopisfs  dredge,  fig.  224,  may  be  advantageously  employed.  This  is 
made  after  the  manner  of  the  larger  one,  described  further  on,  and 
figured  in  pi.  XXXVI,  fig.  228.  The  dredge  is  attached  to  one  end  of 
a  length  of  stout  whipcord,  the  other  end  being  formed  into  a  loop  is 
passed  over  the  collector's  foot,  tlie  intermediate  length  of  string  is 
carefully  laid  on  the  groimd,  coil  upon  coil,  and  the  dredge  is  then 
thrown  far  into  the  water,  and  drawn  over  the  bottom  of  the  pond  as 
is  dragged  to  shore. 
Certain  Desmids,  Diatoms,  and  other  objects  which  float  upon 
the  surface  of  water,  are  best  secured  by  means  of  a  skimming  spoon, 
fig,  224.  All  these  appliances  are  packed  by  Mr.  Highley  into 
a  little  pocket  case  measuring  7  by  aj  by  i^  inches.  A  com- 
panion collecting  ease  to  this,  contains  six  corked  tubes  and  a  pair 
of  forceps.     All  objects  of  a  similar  kind  should  be  selected  by 
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means  of  the  pipette  after  each  haul,  and  placed  together  in  o 
especial  care  being  taken  that  no  larv:e,  likely  to  devour  the  specimens, 
be  accidentally  placed  among  them.  To  proi-ide  against  collecting 
too  many  of  the  same  species,  it  is  as  well  to  examine  portions  taken 
from  questionable  hauls  by  means  of  the  waistcoat  pocket  microscope, 
designed  by  Mr.  Highley,  and  figured  in  pi.  VlII,  fig,  37.  In  some 
cases  a  pocket  lens  may  be  employed.  The  inconvenience  of  holding 
the  head  upwards  to  the  hghl  in  using  the  lens  miy  be  avoided  by 
placing  the  object  on  a  reflecting  prism,  as  suggested  by  Mr.  Becker. 
This  idea  has  been  further  carried  out  by  Mr.  Highley  in  his  refiectiHg 
live  cag(,  fig.  ais,  which  consists  of  a  plate  of  brass  having  an  aperture 
into  which  a  piece  of  thin  glass  is  cemented,  filling  by  spring  sides 
on  to  a  rectangular  prism,  so  as  to  permit  varying  degrees  of  pres- 
sure upon  an  object,  or  drop  of  water  placed  between  the  two  glass 
surfaces.  The  top  surface  of  the  prism  being  held  horizontally,  of  I 
nearly  so,  light  is  projected  from  the  reflecting  plane  of  ihe  prism  \ 
through  the  object  to  the  eye;  Mr.  Highley  has  adopted  for  thwl 
arrangement  a  form  of  lens  giving  a  larger  field  of  view  in  relabon  tO>| 
the  magnifying  power  than  the  ordinary  Coddington  lens. 

The  implements  already  described  are  also  employed  for  shorsa 
collecting;   but  for  the   purpose  of  removing  objects  attached  1 
rocks,  or  the  sides  or  bottoms  of  rock  basins,  a  flat-faced  geologist^cj 
trimming  hammer  and  a  coid  ehisel  should  be  added. 

For  sea  collecting,  the  surface  tift,  the  drag/iook,  and  the  ifreifgv^ 
are  employed. 

TAe  surface  nrf  is  a  double  conical  bag  made  of  "  cheese  net,"  or 
"  bunting,"  stretched  upon  a  cane  hoop,  and  supported  by  three 
pieces  of  cord,  brought  together  at  the  point  at  which  the  towing 
cord  is  attached.     The  inner  cone  is  more  obtuse  and  shorter  than 
the  outer,  and  prevents  objects  once  caught  from  being  washed  out 
again.     At  the  bottom  of  the  bag  is  fixed  a  glass  bottle,  and  a  bung 
is  attached  about  a  foot  above  it,  to  prevent  it  from  sinking  too  deep. 
Mr.  Highley  likewise  advises  that  corks  should  be  so  placed  at  the 
mouth  of  the  hoop  as  to  insure  the  net  being  only  half  immersed, 
and  the  hoop  being  pulled  into  an  oval  form,  so  as  to  present  a  wider 
mouth   to  the  waves  than  when   left  circular,     This  net  is   towed 
astern  or  at  the  side  in  such  a  way  as  to  be  clear  of  the  boat's  or 
ship's  wake,  and  the  length  of  line  is  regulated  to  the  strain  created 
by  the  speed  of  the  vessel.    On  drawing  up  the  net,  the  bottle  is  thrust  ■ 
up  through  the  hole  in  the  inner  cone,  and  its  contents  emptied  into  J 
a  bottle  of  similar  size,  with  a  screw  cap,  of  which  some  doze 
should  be  kept  in  a  tray.      Many  interesting  forms  of  crustacea«J 
acalephx,  medusx,  &c.,  can  only  be  secured  by  this  means. 
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The  Draghook,  fig.  230,  consists  of  three  groups  of  stout  iron 
hooks  welded  to  a.  horizontal  bar  having  an  eye  in  the  middle,  to 
which  a  stout  rope  is  fixed.  This  is  let  down  among  the  roots  and 
fronds  of  the  coarse  seaweed,  on  which  many  microscopic  animal  and 
vegetable  forms  are  parasitic,  and  when  entangled  is  hauled  up  with 
the  captured  specimens. 

Tin  Naturalise s  Dredge,  fig,  jj8,  however,  produces  the  richest 
harvest  from  the  sea.  It  is  made  of  a  wrought-iron  rectangular 
frame,  from  which  two  serapers  project  at  an  angle,  on  each  side, 
and  to  which  two  handles,  terminating  with  four  links  of  chain,  arc 
hinged  to  each  end  so  as  to  allow  of  some  freedom  of  motion,  and 
the  dredge  being  easily  packed  into  a  small  space.  To  this  frame  a  finc- 
meshed  tanned  net  is  fixed  by  copper  wire,  and  to  prevent  this  from 
being  caught  when  dragging  over  a  rough  sea  bottom,  it  is  guarded 
by  two  flaps  of  coarse  sail  cloth  which  hang  on  either  side.  The 
mouth  is  made  narrow  to  prevent  heavy  stones  from  entering.  A 
rope  strong  enough  to  anchor  the  vessel  in  smooth  water,  and  long 
enough  to  prevent  the  dredge  skimming  or  bumping  over  the  bottom, 
yet  not  so  iong  as  to  allow  it  to  bury  itself  in  soft  sand  or  mud,  is 
required.  Its  length  should  be  about  double  the  depth  of  the  water 
dredged.  The  rope  should  be  firmly  tied  to  one  r'uig  only,  and  then 
the  ring  of  the  other  handle  should  be  braced  to  its  fellow  by  a  piece 
of  spun  yam,  so  that  in  the  event  of  the  dredge  fouling,  by  putting 
extra  way  on  to  the  boat  the  string  will  yield  and  allow  the  two 
handles  to  open,  and  thus  the  dredge  will  easily  free  itself  On 
lowering  the  dredge,  it  is  evident  that  it  is  a  matter  of  indifference 
which  side  rests  on  the  ground,  and  in  this  lies  its  advantage  over  the 
common  dredge.  It  may  be  used  in  a  rowing  boat  in  smooth  shal- 
low water  near  shore,  but  a  small  sailing  boat  is  preferable  in  depths 
over  tenfathoms.  The  lowingropc  is  coiled  up  at  the  bottom  of  the  boat, 
and  its  free  end  is  made  fast  to  one  of  the  cross  seats.  The  dredge  is 
thrown  Q\ct  to  windward  near  the  stera,  and  when  sufficient  line  has 
run  out  a  turn  or  two  is  made  round  a  "  belaying-pin  "  to  make  it 
taughL  The  line  should  be  held  in  the  hand  so  thai  the  owner 
can  feel  at  once  if  anything  goes  wrong.  WTien  the  dredge  is  lifted, 
its  contents  should  be  emptied  into  a  sorting  tray,  fig.  3jg.  This 
consists  of  a  coarse  wire  sieve  C,  which  retains  all  large  specimens, 
stones,  &c.,  but  allows  small  or  delicate  ones  to  pass  into  a  perforated 
zinc  sieve  F,  which  retains  all  objects  over  J-inch  diameter,  but 
allows  the  sand  or  mud  to  be  washed  into  the  lower  tray  which  is 
furnished  with  a  double  bottom  formed  of  fine  webbing  stretched  on 
a  frame.  The  water  poured  over  the  sieves  to  facilitate  this  operation 
is  carried  off  by  a  flexible  tube.     Mr.  Highlcy  makes  all  these  trays 
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10  pack  into  each  other  and  hold  the  dredge,  drag  hook  and  sutfa< 
net  and  the  outer  tray  being  provided  with  a  !id  and  straps,  forms 
packing  case  for  the  outfit  A  convenient  form  of  portabli 
scope  with  an  inclinable  body,  &c.,  suited  for  dredging  excursions, 
for  a  shore-collecting  sea-side  expedition  is  shown  in  fig.  J36. 

The  collector  should  examine  stagnant  pools,  ponds, 
boggy  ground,  rock  pools  and  basins  on  the  sea  shore,  careful 
searching  the  sides  and  bottoms,  the  fronds  of  plants,  or  pieces 
wood  floating  therein,  for  gelatinous  or  spongy  masses,  or  palpable 
forms  of  vegetable  or  animal  life,  not  forgetting  to  exa 
lens  all  scums  floating  on  the  surface  of  water,  to  see  if  they  consist' 
of,  or  have  entangled,  objects  worth  preservation.  Filamentous 
Desmidieas,  if  diffused  through  the  water  must  be  collected  by  aid  of' 
the  gauze  net.  When  gelatinous  or  cloudy  masses  are  adherent  lo 
the  fronds  of  water  plants,  the  hand  should  be  passed  gently  into  the 
water,  palm  upwards  to  fonn  a  cup,  and  the  fingers  closed  on  each 
side  of  an  invested  leaf  or  stem  ;  the  hand  should  then  be  drawn 
upwards,  so  as  to  allow  the  plant  to  slip  through  the  fingers  close  to- 
the  palm  with  an  easy  equable  motion,  care  being  taken  as  to  how  the 
hand  is  raised  from  the  water,  lest  the  captives  should  be  washed 
out  of  the  concave  palm.  Water  resting  in  the  indentations  made  by  ■ 
the  feet  of  cattle,  should  not  escape  notice.  The  side  of  a  pond 
towards  which  the  wind  is  blowing,  is  always  the  most  prolific^ 
especially  if  the  sun  is  shining  on  the  same  side,  and  the  shallow 
parts  are  richer  in  spoil  than  the  deep  on  account  of  being  warmer. 
The  collector  who  means  work  should  encase  his  legs  in  waterproof" 
wading  boots  and  follow  the  sea  out  as  it  recedes  at  the  low  spring 
tides,  when  the  greatest  amount  of  shore  is  left  uncovered.  The 
months  of  March  and  April,  September  and  October  having  the  lowest 
tides  in  the  year  are  the  best  for  the  purpose  of  shore  collecting. 
Those  parts  of  the  coast  should  be  selected  which  are  neither  too 
hard  like  granite,  nor  too  soft  like  chalk,  but  such  as  favour  the  foi^ 
mation  of  ledges,  crevices,  rock  pools,  _and  basins,  heaps  of  detris, , 
and  outlying  caverns. 

Holes  in  the  sand  should  be  searched  for  case  building  worms  or 
boring  mollusks.  Large  fish  or  marine  animals  left  strandet^  by  the 
recess  of  the  tide  should  be  examined  for  parasitic  crustacea,  &c., 
especially  the  gill-covers  of  fish.  The  masses  of  olive  sea  weeds 
covering  the  rocks  should  be  turned  over,  or  when  hanging  pendant 
from  overhanging  slabs,  they  should  be  turned  back  as  they  generally 
shield  such  forms  as  attach  themselves  to  the  surface  of  rocks,  as 
starfishes,  ascidians,  nudibranchs,  eggs  of  molltisks,  Alcyonia,  tube 
forming  Annelids,  Sponges,  &c     Crevices  should  be  searched 
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Crustacea,  starfishes,  echini,  wandering  annelids,  waterwom  nwiules 
for  investing  social  ascidians,  such  as  the  Botryllidse,  or  muhivalve 
moUuslcs,  such  as  chitons.  Loose  stones  and  large  bouldersshouldbe 
lumed  over,  as  many  crustaceans  and  annelids  lake  refuge  beneath 
them.  l.arge  tufts  of  corallina  and  other  sea  weeds  should  be  gathered 
from  tlie  edges  of  pools  near  low  water,  and  placed  in  a  jar  of  water 
as  they  harbour  Entomostraca,  Pycnogonidie,  Lucemaria  and  other 
zoophytic  forms.  Outstanding  rocks  only  uncovered  at  the  lowest 
spring  tides,  and  then  usually  only  approachable  by  boat,  should  be 
visited  in  tlie  hope  of  finding  the  only  &itish  representatives  of  the 
stony  corals.  Beyond  such  points,  the  sea  bottom  must  be  ransacked 
by  means  of  dredge  and  draghook. 

T4^.  viTariB  and  Aquaiia.— -Many  of  the  lower  animals  and 
plants  may  be  kept  liv-ing  in  glass  cases  and  glass  jars,  and  will 
grow  and  multiply  in  confinement.  Frogs,  newts,  lizards,  many 
moUusks,  insects  and  worms,  air-breathing  and  aquatic,  will  live 
for  a  length  of  time  in  confinement,  and  some  flourish. 

Vivaria  are  now  made  of  various  forms  and  sizes,  and  many  of 
ihem  are  most  ornamental.  The  student  may  easily  arrange  such- 
for  himself  for  a  few  shillings,  and  may  keep  a  number  of  objects  of 
the  utmost  interest  which  will  provide  him  with  endless  amusement, 
xnd  constant  work. 

Cases  for  breeding  insects  and  keeping  them  alive  may  now  be 
obtained  of  many  naturalists. 

Frogs,  toads,  and  newts  may  be  kept  in  glass  cases  to  the  interior 
of  which  air  has  access  through  wire  gauze.  At  the  lower  part 
should  be  some  water  which  may  be  placed  in  a  saucer  or  basin  with 
shelving  sides.  I'his  may  be  made  ornamental  and  adapted  for 
plants  if  desired. 

Fresh  water  aquaria  may  readily  be  formed  by  inverting  propa- 
gating bell  glasses,  carefully  selected  as  to  shape,  in  a  turned  wooden 
Stand  or  in  fern  dishes  which  have  been  filled  with  earth  or  sand. 
The  bottom  of  the  bell-glass  should  be  filled  with  rich  bkick  peat 
earth,  worked  into  a  paste,  and  this  should  be  covered  with  a  thick 
layer  of  fine  well-washed  shingle.  Roots  of  vallisneria,  anacharis, 
or  chara  may  be  then  planted  in  the  earth  and  tiie  vessel  carefully 
^filled  up  witli  water.  After  the  water  first  introduced  has  become  quite 
'clear  a  few  fresh-water  mollusks  should  be  adiied  to  keep  down  tht 
growth  of  confervffi,  Those  species  which  feed  rather  upon  decayed 
vegetable  matter  than  upon  the  plants  themselves  should  be  selected, 
such  for  instance  as  Planorbis  corneus,  or  carinatus,  Paludina 
vivipara,  or  Amphibia  glutinosa.  When  the  water  has  cleared  and 
(he  plants  are  in  good  condition,  which  may  be  known  by  their 
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giving  ofT  buVibles  or  oxygen  gas,  fish,  water  insects,  &c,,  may  bej 
inirodnced.  A  plant  or  tn'o  of  the  floating  "  Frogbil  "  is  useful  fof ' 
giving  supjjort  lo  sucli  species  as  come  occasionally  to  the  surface. 

In  tlie  case  of  botli  fresh-water  and  marine  aquaria  it  must  be] 
borne  in  mind  that  a  proper  amount  of  light  is  required  which 
should  be  admitted  from  above  as  well  as  on  one  side  of  the  vessel. 
If  there  is  not  light  enough,  the  plants  droop  and  do  not  give  off  jut 
bubbles,  while  if  there  is  too  much  light  there  will  be  a  more  abun- 
dant growth  of  conferva  upon  the  sides  of  the  vessel  than  the 
scavenger  molluscs  can  keep  under.  It  must  also  be  borne  in  mind 
that  animals  must  be  kept  in  what  has  been  called  "amicable 
groups,"  or  wholesale  destruction  will  ensue. 

Minnows,  sticklebacks,  and  eels,  are  the  fish  best  suited  for  fresh- 
water aquaria,  but  of  course  must  not  be  kept  in  such  as  are  used 
for  walcbing  the  various  stages  of  development  of  other  animals. 
Small  eels  are  most  interesting  objects,  and  the  student  will  be 
interested  in  watching  the  pulsations  of  the  venous  heart  in  the  tail 
of  [he  animal. 

Marine  aquaria  require  more  attention  in  their  construction  than 
those  for  fresh  water,  and  as  a  greater  variety  of  forms  may  be 
associated  they  should  be  made  large.  A  marine  aquarium,  capable 
of  holding  from  five  to  ten  gallons,  is  a  convenient  size  and  will 
succeed  well.  The  bottom  and  sides  should  be  of  slate,  the  back 
and  front  only  being  of  glass  cemented  into  grooves  made  in  the 
slate,  not  simply  abutting  against  a  shoulder  and  cemented,  or  a 
continual  leakage  may  occur.  I  have  made  excellent  joints  with 
the  aid  of  the  lime  and  India-rubber  cement,  p.  52,  to  bed  the 
glass  in,  this  being  covered  with  a  mixture  of  white  and  red  lead 
forced  in  together  with  some  fine  tow  or  cotton  wool.  The  aquarium 
should  be  covered  with  a  glass  top  fitted  lo  a  beading  of  perforated 
zinc,  so  as  to  admit  air  but  keep  out  dust.  The  form  should  be  such 
as  to  allow  a  large  area  of  surface  to  be  in  contact  with  the  air  in 
relation  to  the  bulk  of  water.  Rock  work  should  be  built  up  at  the 
back  so  as  to  cut  ofl'  an  unnecessary  amount  of  light,  and  should  be 
arranged  in  such  a  way  as  to  present  tiers  of  resting  places  for  the 
animals.  The  basis  may  be  formed  of  coke  which  is  advantageous 
on  account  of  its  lightness,  but  this  is  to  be  faced  with  flakes  of 
granite,  limestone,  and  sand  rock,  put  together  with  hydraulic  cement 
to  produce  a  more  picturesque  appearance.  It  is,  however,  better  not 
to  use  cement  at  all. 

The  tank  so  far  prepared  should  be  first  filled  with  fresh  water  to 
remove  all  soluble  matters  from  the  cement  and  rocfcwork.  After  resting 
for  a  day  or  two,  the  water  must  be  drawD  oflf  with  an  India-rubber 
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tube  used  as  a  syphon,  and  ihe  bottom  covered  with  well-washed 
shingle.  The  tank  may  then  be  filled  up  with  sea  water,  or  artificial 
sea  water  may  be  made  with  Tidman's  sea  sail  in  the  proportion  of 
about  one  pound  to  three  gallons  of  water,  the  exact  proportions 
being  delennined  by  aid  of  a  hydrometer,  which  should  stand  at 
fo26.  Should  the  water  be  too  salt  the  stem  wilt  rise  till  perhaps 
I  '030  of  the  scale  appears  above  the  level  of  the  water,  in  which 
case  more  common  water  must  be  slowly  stirred  in.  If  on  the 
other  hand  there  is  not  sufficient  salt,  the  stem  will  sink  towards 
i-oao  and  more  salt  must  be  added  till  the  hydrometer  registers  the 
proper  specific  gravity  of  natural  sea  water.  As  evaporation  causes 
the  water  to  become  concentrated,  it  should  from  time  to  time  be 
tested  with  the  hydrometer  and  the  necessary  amount  of  water 
added.  The  next  step  is  to  get  the  rockwork  covered  with  the  spores 
of  seaweeds,  by  placing  several  small  healthy  tufts  of  Ulva,  or 
Enleromorpha  in  various  parts  of  the  tank  where  they  are  fully 
exposed  to  light  In  a  short  time  minute  vegetable  growths  will 
make  their  appearance  all  over  the  tank.  The  growth  on  the  front 
glass  must  be  removed  as  fast  as  it  is  formed  by  a  sponge  tied  to  a 
stick.  After  this  growth  has  appeared  the  tufts  of  weed  may  be 
removed.  The  amount  of  light  admitted  to  the  tank  must  now  be 
carefully  attended  to,  so  as  just  to  cause  the  evolution  of  bubbles  of 
oxygen,  without  stimulating  the  vegetable  to  an  over-abundant 
growth  which  would  cloud  the  water.  Animals  may  next  be  intro- 
duced slowly  and  not  in  too  great  numbers,  the  lowest  in  organisa- 
tion first,  the  higher  forms  when  the  tank  is  evidently  working  well, 
and  the  first  things  introduced  appear  healthy,  and  the  water  is  clear 
and  sparkling.  It  is  well  occasionally,  if  not  daily,  to  remove  a 
portion  of  the  water  into  a  glass  vessel  and  allow  it  to  return  to  the 
tank  through  a  fine  jet,  by  which  means  the  water  is  broken  up  into 
spray  as  it  returns  to  the  tank.  There  are  various  ways  of  effecting 
this  important  process  of  aeration  of  the  water. 

In  the  Athenffium  for  March  10th,  i860,  Mr.  Highley  described 
a  very  convenient  aquarium  arrangement  well  suited  for  a  microscopist 
who  is  making  a  temporary  visit  to  the  coast,  which  I  here  extract. 

"  I  may  mention  a  plan  I  have  employed  with  great  success  when 
making  temporary  visits  to  the  coast,  which  will  be  found  very  con- 
venient to  those  who  wish  to  classify  the  animal  forms  obtained  for 
observation.  1  take  a  nest  of  German  beakers  (without  spouts)  and 
pack  them  in  a  zinc  case :  on  my  arrival,  I  fill  them  with  fresh  sea 
water,  and  place  them  in  a  sunny  window ;  I  then  collect  a  number  of 
limpets  on  whose  shells  enteromorpha  and  ulva  are  growing.  These 
will  be  found  to  be  small  but  vigorous  plants.  I  remove  the  animals  from 
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the  shells,  and  ihen  drop  one  or  more  alga  bearing  shells  into  each 
beaker  a<xording  lo  its  size ;  in  a  short  lime  the  sides  of  the  jars,  j 
especially  the  sides  turned  towards  the  light  become   coated  with  I 
spores;  the  sides  turned  from  the  light  I  keep  clean  with  a  chisel-  I 
shaped  piece  of  wood  and  a  knob  of  sponge,  so  that  whilst  one  half  J 
of  each  jar  is  covered  with  a  green  oxygen  yielding  coat,  tlie  other  J 
half  is  free  for  observing  the  animals  that  may  now  be  placed  in  the   ' 
beakers.      Behind  this  prelecting  coat,  red  algre  will  be  found  to 
thrive.     In  this  way  a  nvimber  of  atiuaria  may  be  speedily  provided 
for  our  collections  that  will  keep  healdiy  for  months,  with  the  slightest 
amount  of  attention.  J 

After  the  sides  are  properly  cowered  with  spores,  the  sea-weeds  I 
should   be  removed   and  the  jars  placed  on  a  table   at  such   a,  I 
distance  from  the  window  that  the  light  impinges  only  on  the  coated 
half,  taking  care,  however,  diat  lliere  is  sufficient  to  stimulate  the 
spores  lo  throw  off  bubbles  of  oxygen  daily.     If  on  leaving  a  place  I 
wish  to  take  any  specimens  away  with  me,  I  pack  these  beakers  con- 
taining them  in  a  rough  box,  of  a  size  suited  to  the  number  selected,  j 
with  seaweed  between  the  interstices  and  at  the  latest  moment  tie  j 
bkidder  over  each  jar,  which  I  remove  at  the  earliest  opportimity  j 
after  arriving  at  my  destination." 

Prawns,  fish,  actinise,  &c.,  may  be  fed  on  shreds  of  beef,  which  has  1 
been  pounded  and  dried,  and  then  macerated  in  sea  water  for  a  few  I 
minutes  before  use.  All  dead  animals,  slime,  or  effete  matter  should  be  ] 
removed  by  means  of  a  pair  of  long  boxwood  (breeps  or  small  saucer 
soon  as  noticed.  With  a  moderate  amount  of  attention,  a  marine  aqua-  ( 
rium  may  be  kepi  for  years  (ten  or  more)  without  changing  tlie  water.  I 
Microscopes  are  specially  constructed  by  Mr.  Highley,  Mr.  King,  and  I 
Mr.  Salmon,  for  observing  animals  nithin  aquaria.     See  p.  13. 

The  most  useful  books  to  the  microscopist  visiting  the  coast,  will  I 
be  found  in  the  list  at  the  end  of  the  volume. 

S48.  Examliuuloii    »t    lAnrer  Anlnuda    darlBB    Life. — Many  of  1 
the  lower  animals  maybe  examined  in  the  living  state,  and  numerous   ( 
interesting  and  important  facts  may  be  demonstrated.     The  student  I 
will  find  many  of  the  smaller  insects,  more  especially  the  aquatic   | 
larvte,  as  for  example,  those  of  the  common  gnat,  well  adapted  for 
this  puq>ose.     Small  crustaceans,    as  the  daphne  and  some  of  the 
fresh  water   shrimps   are   exceedingly  interesting  objects,   and  are  ' 
cosily  subjected  to  examination  in  the  living  state  in  the  animalcule 
cage,  p.  66,  or  under  a  compressor  ium,  p.  81. 

Examination  of  Infusoria,  Gfc. — Suppose  the  student  desires  to 
submit  some  of  the  animalcules  in  water  to  microscopical  examination, 
he  may  proceed  as  follows.    A  drop  of  the  water  is  to  be  removed  ' 


WITH  THE  MICROSCOPE.  1 55 

\v-ith  a  pipette,  or  upon  a  glass  ro<l,  or  with  the  finger,  and  ])laced  upon 
the  glass  slide.  A  bristle  or  thin  piece  of  paper  is  placed  in  such 
a  positioD  as  to  prevent  the  thin  glass  (rom  coming  into  loo  dose 
contact  with  the  slide  j  or  the  drop  may  be  placed  in  a  Brunswick 
black,  or  thin  glass  cell ;  or  the  animalcule  cage  already  described, 
pi.  XVI 11,  fig.  I J  I,  maybe  used  with  advantage.  By  the  latter  instru- 
ment, and  also  by  the  compressorium,  p.  81,  the  larger  infusoria  may 
be  kept  still  in  a  particular  position  for  the  purposes  of  examination, 

Fresh-water  and  marine  zoophytes,  too  large  to  be  placed  in  the 
small  cells,  or  the  troughs,  p.  66,  may  be  examined  in  flat  watch 
glasses,  or  in  one  of  the  larger  cells,  represented  io  pi.  XVIII.  These 
may  be  examined  with  low  powers  {two  inch,  one  inch)  without  any 
thin  glass  cover,  but  where  the  higher  powers  are  employed  a  piece 
of  thin  glass  must  be  applied  in  such  a  manner  as  to  cover  that  part 
of  the  vessel  in  which  the  animals  are  situated,  while  at  the  same  time 
a  certain  proportion  of  the  fluid  is  freely  exposed  to  the  air;  for  if 
aeration  were  prevented,  the  animals  would  soon  exhaust  all  the  air 
dissolved  in  the  smaU  quantity  of  water  in  which  they  were  impri- 
soned, and  die  of  suffocation. 

It  is  difficult  to  kill  many  zoophytes,  and  preserve  them  with  the 
tentacles  extended,  but  it  is  said  that  the  retraction  of  the  tentacles 
may  be  prevented  by  plunging  them  into  cold  fresh  water.  Various 
poisons,  opium,  hydrocyanic  acid,  chloroform,  &c.,  have  also  been 
recommended  for  the  same  purpose,  but  a  voltaic  current  effects  the 
object  most  perfectly. 

Vgrikclla  and  Rotifers  or  wheel  animalcules,  may  often  be 
obtained  by  placii^  a  small  piece  of  a  plant  which  has  been  allowed 
to  remain  in  the  same  water  for  some  time,  with  a  drop  of  the  fluid 
in  a  glass  cell.  These  organisms  are  ofien  found  attached  to  the 
edges  of  the  plant  in  considerable  number. 

Cheese  mites  and  other  small  acari  should  be  examined  with  low 
powers  {two  inch,  one  inch)  under  the  binocular,  a  strong  light 
being  condensed  upon  them  with  the  aid  of  the  bull's  eye  condenser 
or  the  parabolic  reflector,  p.  31. 

The  Entazoon  or  Dtmndex  folliculorum  may  be  obtained  by 
squeezing  the  sebaceous  glands  in  the  skin  of  the  nose  or  scalp  of 
the  human  subjecL  If  transferred  to  a  little  oil  and  covered  with  thin 
gloss  the  animals  may  be  preserved  alive  for  some  time  and  their 
slow  sluggish  movements  watched.  Specimens  may  generally  be 
obtained  from  the  wax  of  the  ear.  Small  spiders,  many  of  tlie  minute 
colcoptera  and  their  larvas,  aphides,  and  a  great  number  of  the 
smallest  insects  common  in  fern  cases  may  be  easily  examined,  anrl 
some  of  the  smallest  of  them  are  suitable  for  examination  by  reflected 
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and  transmitted  light  under  high  powers,  with  the  aid  of  the  binocular. 


x^B.  Of  kefptns  Bodica  malst  wbtle  under  nicraaeoplral  OhMr> 

TNtloni. — In  order  to  study  the  changes  occurring  during  the  growth 
and  multiplication  of  some  of  the  simplest  organisms  which  live  in 
water,  it  is  necessary  to  adopt  some  plan  for  preventing,  or  compen- 
sating for,  the  evaporation  which  lakes  place.  This  may  be  effected, 
as  recommended  by  Recklinghausen,  by  adapting  a  piece  of  sheet 
India-i^ibber  tubing  to  the  glass  ring  fixed  on  an  ordinary  glass  slide, 
the  diameter  of  the  ring  being  sufficient  to  allow  a  piece  of  thin  glass 
to  be  placed  within  its  circumference.  The  upper  end  of  the  tube  is 
tied  round  the  object  glass  of  the  microscope.  Thus  a  moist  chambtr 
is  made,  and  if  one  of  Hartnack's  "  immersion  lenses  "  be  employed, 
obser\*ations  may  be  continued  upon  a  given  object  for  some  time. 
The  moist  chamber  is,  however,  belter  adapted  for  use  with  low 
than  with  very  high  magnifying  powers.     See  pi.  XXXVI,  fig.  332. 

I  have  found  that  the  same  object  is  gained  if  the  loss  of  fluid  by 
evaporation  is  compensated  for  by  a  littie  reservoir  of  water,  fixed  at 
one  end  of  the  slide,  from  which  a  small  piece  of  blotting  paper  or 
silk  thread  conducts  the  fluid  to  the  object  as  fast  as  evaporation 
takes  place.  By  placing  a  little  cement  round  two  thirds  of  the  thtn 
glass  cover,  sufficient  space  is  allowed  for  the  requisite  access  of  air, 
while  at  the  same  lime  loss  by  evaporation  is  reduced  to  the  smallest 
amount.  By  this  arrangement  the  growth  of  the  spongioles  of  plants 
can  be  studied  very  successfully. 

A  small  quantity  of  fluid  or  semi-solid  matter  containing  various 
kinds  of  living  matter,  may  be  preserved  for  some  days  without  the 
death  of  the  living  matter  it  contains  taking  place,  by  the  following 
arrangement  A  small  glass  tube  about  half  an  inch  in  diameter 
and  an  inch  and  a  half  in  length  is  prepared,  the  edge  of  one 
extremity  being  turned  outwards  in  the  blow-pipe  flame,  so  that 
very  thin  membrane  may  be  tied  over  it  The  tube  is  so  arranged 
thai  the  membrane  just  touches  the  surface  of  some  distilled  water 
in  a  small  dish  or  capsule.  The  whole  may  be  placed  in  a  hot-air  oven 
maintained  al  a  temperature  of  100°  F.  In  this  way  I  was  enabled 
to  keep  living  matter  freely  exposed  to  the  air,  whilst  evaporation  was 
compensated  for  by  the  gradual  imbibition  of  fluid  from  below 
through  the  pores  of  the  membrane.  I  have  succeeded  in  preserving 
masses  of  germinal  matters  from  the  higher  organisms  alive  for  a 
considerable  time  longer  than  they  would  have  lived  at  the  ordinary 
temperature  of  the  air. 

3S*.  or  Kcciilns  Oalllcs  Bt  m  t'nininn  Tcnipcrmtnre  blgbtr  tkaa 
tbe  Air,  Willie  uader  HIcruHcoiilcal  ObscrvalloQ. — By  placing  a  brass 
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plate  upon  the  stage  of  the  microscope,  and  allowing  one  end  to  pro- 
ject over  the  edge  so  that  it  may  be  conveniently  heated  by  a  spirit- 
lamp,  any  substance  may  be  kept  wann  upon  a  glass  slide,  while 
subjected  to  microscopical  examination.  Max  Schultze  has  recently 
contrived  a  brass  plate  which  is  fixed  by  clamps  to  the  stage  of  the 
microscope,  and  extended  at  the  sides  so  as  to  form  two  projecting 
aims  beneath  each  of  which  a  small  spirit-lamp  may  be  placed,  A 
hole  is  made  for  the  transmission  of  the  light,  and  close  to  the  place 
where  the  .slide  with  the  object  is  situated,  is  the  bulb  of  a  little  ther- 
mometer, the  stem  of  which  is  so  arranged  that  the  degrees  can  be 
easily  read  off.  This  apparatus  has  been  made  by  Geissler.  of  Bonn, 
fig.  J33,  pi.  XXXVII.  In  conducting  observations  upon  bodies 
which  are  warmed,  the  loss  of  fluid  from  evaporation  must  be  pro- 
vided against  by  the  use  of  the  moist  chamber  and  immersion  lens, 
or  by  the  little  reservoir  and  conducting  thread,  pi.  XVIII,  fig.  iii*, 
or  by  the  arrangement  described  on  p.  156. 

Dr.  Ransom,  of  Nottingham,  has  been  long  engaged  in  investi- 
gations which  reejuire  the  application  of  heat  and  cold  to  the  object 
while  under  observation.  He  says,  "The  mode  of  using  heat  for 
those  examinations  I  have  found  best  so  far,  is  recommended  by 
M.  Schultze,  only  in  order  to  employ  with  it  cold  also,  I  have  ordered 
one  to  be  made  of  copper  instead  of  brass  as  the  former  metal  is 
so  much  belter  a  conductor,  and  I  trust  I  shall  be  able  with  this  new 
hot  stage  to  preserve  an  object  at  any  required  temperature,  and  to 
read  off  easily  the  actual  temperature  which  the  object  has  from  30" 
F.  to  160"  F."  The  principle  of  this  new  hot  stage  is  to  conduct  the 
heat  to  or  from  the  object,  and  not  to  use  currents  of  air  or  water.  It 
may  be  used  not  only  for  stimulating  movements,  but  for  watching 
the  extremes  upwards  or  downwards,  which  either  arrest  them  or 
destroy  them.  Such  a  stage  must  be  separated  from  the  microscope 
by  a  non-conducting  substance. 

Sometime  since,  I  adopted  a  plan  for  heating  objects  by  hot  air— 
this  will  be  understood  by  reference  to  fig.  234,  pi.  XXXVII,  but  for 
most  ])uq)oses  Max  Schultze's  apparatus  is  to  be  preferred. 

Ofihe  Tissues  and  Organs  of  the  Lower  Animals. 
For  the  most  part  the  tissues  of  the  lower  animals  may  be  examined 
according  to  the  same  plans  recommended  for  the  demonstration  of  the 
structures  of  the  higher  classes.  In  this  department,  however,  the  stu- 
dent will  meet  with  greater  variety  of  texture,  and  in  not  a  few  instances 
our  knowledge  of  higher  structures  may  be  greatly  advanced  by  the 
careful  study  of  the  corresponding  tissues  in  the  lowest  classes.  There 
are  many  textures  which  are  peculiar  to  the  lower  animals  which 
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are  well  deseriing  of  the  careful  attention   of  the  niicroscopist,  aflff* 
especially  in  researches  upon  the  changes  occurring  during  the  deve- 
lopment of  tissues,  facts  may  be  ascertained  which  cannot  be  made 
out  by  investigations  among  the  higher  classes. 

SSI.  Of  Prcpat-lDs  tke  TIukuci  of  Insect*  for  Bllcroscoplnd 
RxKulnatlon. — Many  of  ihe  smaller  insects  may  be  mounted  entire 
as  dry  objects,  but  the  hard  external  covering  of  the  body  and  limbs  in 
many  members  of  this  class  Is  better  displayed  if  freed  from  the  soft 
parts  and  preserved  in  Canada  balsam.  Moist  tissues  may  be  entirely 
removed  by  the  action  of  liquor  potass^  in  which  they  are  perfectly 
soluble,  and  the  hard  textures  are  at  the  same  time  softened  by  the 
reagent.  After  very  careful  washing  in  distilled  water  the  entire  insect 
or  parts  of  it,  may  be  dried  in  the  position  they  are  intended  to  take  up 
permanently.  They  are  then  to  be  moistened  with  turpentine  and 
mounted  in  CaJiada  balsam.  The  chloroform  solution,  p.  50,  of  the 
latter  substance  may  be  employed  with  ad\-antage.  For  the  details 
of  the  operation  the  reader  is  referred  to  Mr,  Thomas  Davies' 
little  book  on  "The  Preparation  and  Mounting  of  Microscopic 
Objects,"  p.  68. 

T^e  Efs  Capsules  of  insects  exhibit  very  peculiar  markings  upon 
their  surfaces  which  vary  in  every  species,  and  even  in  those  which 
are  closely  allied  the  greatest  difference  often  exists.  Insect  ova  are 
teprescsemed  in  pL  XXXVII,  fig.  237.  The  eggs  may  be  examined  as 
opaque  objects  according  to  the  methods  described  in  p,  21,  or  very 
thin  vertical  and  horizontal  sections  may  be  made  and  mounted  in 
fluid  or  in  Canada  balsam.  Upon  one  surface  of  the  eggs  of  many  in- 
sects, and  very  readily  in  some  of  the  lepidoptera,  an  orifice  surrounded 
with  beautiful  markings  may  be  discerned.     This  is  the  micropyle. 

SH.  The  Bcaici  Bnd  Hair*  from  many  insects  and  Crustacea  are 
well  worthy  of  attentive  examination.  The  scales  from  the  wings  of 
various  butterflies  and  moths  form  beautiful  objects.  They  should 
be  examined  in  a  dry  state  and  also  mounted  in  balsam.  The  student 
will  find  that  the  scales  of  different  iiarts  of  the  body  exhibit  great 
varieties  of  structure,  while  those  of  no  two  species  are  exactly 
alike. 

The  markings  upon  many  of  these  scales  are  so  delicate  as  to  serve 
for  testing  the  defining  powers  of  the  highest  and  most  perfect  object- 
glasses,  Some  of  the  most  elaborate  are  obtained  from  the  J>oiiura, 
a  little  hopping  insect,  common  enough  in  some  localities  among  old 
dry  wood.  In  order  to  catch  the  podune,  Dr,  Carpenter  directs  that  a 
little  oatmeal  be  placed  on  black  paper  and  left  some  hours,  when  it 
may  be  transferred  to  a  large  clean  basin,  out  of  which  the  creatures 
cannot  leap.    Their  scales  may  be  mounted  dry,  in  fluid,  or  in  balsam. 
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SS3.  Tracheae,  or  air  tubes  which  are  characteristic  of  the  class  of 
insects  may  be  demonstrated  very  readily.  If  the  inside  of  a  common 
maggot,  caterpillar,  or  fly  be  removed  and  covered  with  thin  glass, 
numerous  exceedingly  fine  dark  lines  will  be  seen  ramifying  almost 
everywhere,  and  forming  networks.  These  are  the  tracheae,and  their 
black  appearance  is  due  to  their  containing  air  which  refracts  the 
light  very  differently  to  the  other  tissues  and  fluids  by  which  it  is  sur- 
rounded. The  explanation  has  been  already  given  in  the  case  of  the 
lacunae  and  canaliculi  of  bone,  in  p.  78.  But  in  this  rough  mode  of 
examining  the  tracheae,  the  student  learns  nothing  concerning  the 
elaborate  structure  of  these  air-tubes.  If  some  of  the  larger  ones  be 
dried  and  then  mounted  with  turpentine  or  Canada  balsam,  it  will  be 
found  that  a  spiral  thread  is  closely  coiled  around  every  one  of  the 
tubes,  by  which  beautiful  arrangement  all  are  kept  pervious,  so  that 
air  may  circulate  freely  through  them,  and  thus  reach  the  ultimate 
constituents  of  all  the  textures  of  the  body. 

The  tracheae  all  open  upon  the  surface  of  the  body,  by  orifices 
termed  spiracles^  easily  found  in  the  common  caterpillar,  as  they  form 
a  row  (Ml  each  side  of  the  body.  Every  spiracle  is  guarded  by  a  comb- 
like arrangement  of  firm  chitinous  or  homy  tissue  which  prevents 
foreign  particles  from  passing  into  the  tracheae,  while  like  a  sieve  it 
permits  the  free  ingress  and  egress  of  air.  The  student  should 
mount  a  series  of  specimens  of  spiracles  from  different  insects. 

SK4L  Branchiae  of  Hollusca. — ^The  textures  of  which  this  form  of 
breathing  apparatus  is  composed  may  be  demonstrated  according  to 
the  principles  already  laid  down  in  the  sections  upon  the  tissues  and 
organs  of  the  higher  animals.  The  arrangement  of  the  vessels  may 
be  displayed  by  injection,  p.  103.  The  method  of  demonstrating  the 
circulation  of  the  blood  in  these  organs  has  been  described  in  page 
134.  In  many  young  mollusks  the  branchiae  are  very  beautiful. 
The  action  of  the  cilia  with  which  the  vessels  are  clothed  is  referred 
to  in  p.  161/ 

SKK.  Microscopic  Shells  from  beautifiil  objects  for  investigation ; 
many  may  be  mounted  as  dry  objects,  and  examined  by  low  powers. 
The  remains  of  the  animal  organisms  may  be  removed  by  boiling  for 
a  few  seconds  in  a  weak  solution  of  potash  or  carbonate  of  potash. 
The  shells  must  then  of  course  be  thoroughly  washed  in  successive 
portions  of  distilled  water. 

The  shells  of  forammifera,  many  of  which  are  to  be  found 
upon  our  ordinary  sea  weeds,  may  be  prepared  in  the  same  way. 
This  class  of  organisms  has  recently  been  very  carefully  investigated 
by  Dr.  Carpenter,  whose  beautiful  memoirs  in  the  Phil.  Trans, 
are  worthy  of  attentive  study.     See  also  "  The  Microscope  and  its 
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Revelations,"  by  the  same  author,  and  papers  in  the  Micrcscopica 
Journal. 

ZKS.  conlnwUlity  «f   Maade. — The   actual    movement  takini 

[ilac.e  in  the  particles  of  this  tissue  may  be  demonstrated  in  certain 
of  the  lower  animals,  in  which  it  continues  for  some  time  after  the 
tissue  has  been  removed  from  the  body.  Muscular  contraction  may 
be  studied  in  small  insects  or  Crustacea.  Mr.  Bowman  strongly 
recommends  the  muscular  fibres  from  a  young  crab  (Phil.  Trans, 
1841).  Many  small  transparent  aquatic  larvasare  also  very  favourabi 
for  this  purpose. 

The  phenomena  of  muscular  contractility  may  be  most  success^] 
fully  studied  in  the  broad  muscles  just  beneath  the  skin  of  th«^ 
common  maggot  or  larva  of  the  blow-fly,  and  as  these  can  be  always 
readily  obtained,  I  recommend  them  for  observation.  The  move- 
ments, which  are  very  beautiful,  continue  for  ten  minutes  or  a  quarter 
of  an  hour  after  the  muscles  have  been  removed  from  the  body  of  the 
recently  killed  animal,  so  that  a  specimen  may  be  prepared  and 
passed  round  the  lecture  room  in  one  of  the  portable  microscopes, 
p.  14.  In  the  winter  I  have  seen  the  contractions  continue  for 
upwards  of  half  an  hour.  It  is  most  instructive  to  examine  these 
muscles  during  contraction  under  the  influence  of  polarised  light, 
with  a  plate  of  selenite.  When  the  ground  is  green,  the  waves  of 
contraction  which  pass  along  each  muscular  fibre  in  various  direc- 
tions, are  of  a  bright  purple.  In  other  parts  of  the  field  the  comple- 
mentary colours  are  reversed.  There  ore  few  microscopic  objects, 
that  I  am  acquainted  with,  so  beautiful  as  this.  With  the  aid  of  very 
high  powers,  the  actual  change  occurring  in  the  contractile  tissue  as 
it  passes  from  a  slate  of  relaxation  to  contraction,  and  from  this  to 
relaxation  again,  may  be  studied,  and  for  many  minutes  at  a  time. 

In  order  to  obtain  the  muscles,  it  is  only  necessary  to  slit  up  the 
larva,  and  after  removing  the  \'iscera,  to  separate  some  of  the  muscles 
from  the  outer  skin  to  which  they  are  attached.  They  may  be  mois- 
tened with  some  white  of  egg,  saliva,  or  better  than  all,  a  little  of  the 
colourless  fluid  from  the  animal 

In  this  way  the  student  will  form  a  good  idea  of  the  nature  of 
(ontriutUe  movement  generally,  in  which  there  is  repetition.  Contrac- 
tility has  been  confused  with  movement  essentially  different  in  its 
nature,  which  takes  place  in  germinal  or  living  matter,  p.  170.  The 
first  affects  various  kinds  of  formed  material  only  ;  the  last  is  peculiar 
to  germinal  matter.  Contractility  is  essentially  interrupted.  Vital 
movement  is  continuous.  By  the  last,  a  weight  may  be  raised  higher 
and  higher,  and  if  the  weight  increases  the  force  which  raises  it  may 
increase  also.     Contraction  involves  yielding  or  relaxation.     It  is,  as 
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it  were,  a  vibration  to  and  fro— the  alternate  shortening  and  lengthen- 
ing of  a  fibre.  Contraction  takes  place  in  one  definite  direction  only, 
and  never  alters.  Vital  movement  may  occur  in  a  mass  of  living 
matter  in  any  direction.     6i%'also  p.  169. 

IH.  CUtarr  MBvement. — Although  this  kind  of  movement  is 
not  peculiar  to  animals,  but  is  also  found  among  plants,  at  least 
during  the  early  stages  of  existence  of  some  of  the  lower  forms, 
it  will  be  convenient  to  consider  the  methods  of  demonstrating  cilia 
in  an  active  state  of  vibration  in  this  place. 

Upon  certain  surfaces  in  the  higher  animals,  and  to  a  greater 
extent  in  the  lower  classes,  we  find  that  the  cells  which  generally 
form  the  outer  protective  covering  of  more  delicate  structures,  are 
provided  with  very  active  vibratile  processes,  or  a'/ia,  which  by  their 
movements  create  currents  often  of  some  considerable  power. 
These  movements  a/e  sometimes  required  to  promote  the  rapid 
removal  of  foreign  bodies  which  would  injure  delicate  surfaces  if 
they  came  in  absolute  contact  with  them,  or  for  promoting  a  constant 
change  in  the  water  by  which  the  animal  is  surrounded.  Cilia 
effect  the  latter  object  in  the  greater  number  of  shell  fish,  which 
are  stationary  throughout  life,  and  are  not  provided  with  an  apparatus 
for  promoting  a  continual  change  of  the  iluid  which  bathes  the 
surface  of  their  respiratory  organs. 

Ciliary  Motion  endures  for  a  longer  or  shorter  period  afler  death, 
and  is  entirely  independent  of  the  nervous  system.  In  the  active 
bird  it  ceases  very  soon,  but  in  the  more  slowly  nourished,  cold- 
blooded animals  it  often  lasts  for  many  days  after  death. 

Different  forms  of  ciliary  action  may  be  observed  among  the 
different  species  of  infusoria.  It  is,  however,  doubtful  if  many  of 
the  very  fine  spine-like  bodies,  the  movements  of  which  seem  to  be 
under  voluntary  control,  should  be  regarded  as  cilia.  The  simple 
organisms  of  this  class  seem  to  possess  the  power  of  stopping  the 
vibrations,  although  there  can  be  no  doubt  that  in  vertebrate  animals 
ciliary  action  is  quite  independent  of  volition.  There  is  certainly 
no  connexion  between  the  cells  of  ciliated  epithelium  and  the 
nerves. 

Cells  with  ciliated  epithelium  in  active  vibration  can  always  be 
obtained  by  scraping  the  back  of  tlie  frog's  tongue.  Mucus  is  re- 
moved in  which  numerous  cells  are  found.  The  thin  glass  cover 
must  be  prevented  from  pressing  too  firmly  by  inserting  a  small  piece 
of  thin  paper  beneath  it  The  student  may  also  obtain  very  beautiful 
ciliated  epitheUum  in  active  vibration  from  the  branchi^  (gills)  of 
the  oyster  or  mussel-  Some  of  the  cilia  from  the  latter  situation 
are  of  very  considerable  length,  and  occasionally  the  vibration  of  a 
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single   ciliura  may  be  watched,  in  which  case   the   o)>ser\er 
demonstrate  the  interesting  fact  that  movement  occurs  not  only  at 
the  base  of  the  cilium,  but  in  every  part  of  the  vibratile  filament 

Of  all  the  ciliated  structures,  the  newt's  kidney  is  perhaps  the 
most  beautifiil  and  the  most  remarkable.  The  tortuous  uriniferous 
tubes  in  the  upper  thin  portion  of  the  kidney  are  lined  in  their  whole 
length  with  ciliated  epithelium,  which  continues  in  active  motion  for 
some  time  after  the  removal  of  the  organ  from  the  body  of  the 
animal.  In  order  to  display  this  wonderful  object,  we  must  proceed 
as  follows  : — After  destroying  the  newt  by  decapitation,  ihe  abdominal 
cavity  is  laid  open,  and  by  turning  the  viscera  to  one  or  other  side,  1 
the  kidneys  maybe  ejcposed.  Towards  the  pelvis,  the  kidney  pre- ■ 
sents  much  the  same  appearance  as  in  the  frog  :  but,  upon  tracing  it  M 
upwards,  it  will  be  found  to  become  gradually  thinner,  and  to  extend 
quite  into  the  thoracic  portion  of  the  animal.  It  is  this  upper  thin 
part  of  the  kidney  which  shows  the  ciliary  motion  to  the  greatest 
advantage.  See  pL  XXXIIl,  fig.  ai8.  A  probe,  a,  is  represented 
in  the  drawing  underneath  that  portion  of  the  kidney  which  should 
be  examined  in  the  microscope.  The  secreting  tubes  lie  upon  one 
plane,  so  that  a  tube,  throughout  the  entire  length  of  which  active 
ciliary  motion  is  constantly  taking  place,  may  often  be  seen  in  the 
field  of  the  microscope  at  one  time.  A  more  beautiful  object  under 
a  halfinch  object-glass,  can  scarcely  be  conceived.  The  ihin 
portion  of  the  kidney,  above  referred  to,  is  to  be  very  carefully 
removed  from  tlie  bo<!y  by  delicate  manipulation  with  fine  forceps 
and  a  pair  of  scissars,  moistened  with  a  little  water,  or,  what  is  still 
better,  with  some  of  the  serum  of  the  animal,  placed  in  a  lai^e 
thin  glass  cell,  and  carefully  covered  with  thin  glass.  The  cell  should 
be  sufficiently  thick  to  prevent  any  pressure  upon  the  preparation. 
After  ciliary  motion  has  stopped,  the  cilia  are  with  great  difficulty 
distinguished.  Many  of  the  tubes  in  the  lower  thick  part  of  the 
kidney  do  not  exhibit  ciliary  action  perhaps  because  the  cells  are 
undergoing  degeneration,  I  have  been  able  to  find  tubes  in  every  J 
stage  of  wasting  in  newts  which  have  been  kepi  in  confinement         ■ 

Ciliated  epithelium  may  be  obtained  from  the  larj'nx.  and  trachcea  ] 
of  man  by  coughing  violently.  The  vibration  occasionally  continues 
for  some  time  after  the  specimen  has  been  transferred  to  the  glass 
slide.  The  observer  will  be  snrjirised  at  the  enormous  number  of 
cilia  projecting  from  a  single  cell;  indeed  it  often  happens  that  a 
mass  is  expelled  which  seems  to  consist  of  hundreds  of  long 
filaments,  all  in  active  vibration,  radiating  from  a  common  point 

Ciliary  action  is,  I  think,  due  to  changes  going  on  within  the 
cell,  but  probably  very  intimately  connected  with  the  currents  which 
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flow  to  and  from  the  germinal  or  living  matter,  and  the  altered 
tension  thus  caused  in  the  cell.  Ciliary  motion  is  not  dependent 
upon  nervous  action,  nor  is  it  due  to  any  disturbance  in  the  sur- 
rounding medium.  It  cannot,  I  think,  be  regarded  as  a  vitiU  move- 
ment, although  it  is  probably  due  to  changes  which  are  consequent 
upon  vital  phenomena.  Cilia  consist  of  "  formed  material."  In 
the  immediate  vicinity  of  ciliated  cells  are  sometimes  observed 
cells  with  open  mouths,  out  of  which  mucus  and  various  substances, 
formed  or  secreted  in  the  interior  of  the  cell,  pass.  In  the  fonna- 
tion  of  these  products,  nutrient  matter  from  the  blood,  after  passing 
through  the  attached  extremity  of  the  ceM,  is  probably  absorbed  by 
the  living  matter.  At  the  same  time  the  outermost  portion  of  the 
latter  becomes  converted  in  the  peculiar  contents  of  the  cell,  and 
thus  the  formed  matter  which  has  been  already  produced  becomes 
pushed  towards  the  orifice^  See  the  new  edition  of  "  The  Physio- 
logical Anatomy  and  Phj'siology  of  Man."  I  think  that  the  move- 
ments of  cilia  are  brought  about  by  a  somewhat  similar  series  of 
changes,  in  which  the  germinal  or  living  matter,  usually  termed 
"  nucleus,"  plays  the  active  and  most  important  part. 


THE  Tissues   OF   PLANTS. 


SftB.  BuunlnBtlon  of  Vegetable  TiasnH. — The  examination  of 
vegetable  tissues  is  conducted  upon  the  same  general  principles  as 
that  of  animal  te.ilures.  The  spiral  vessels  of  plants  can  in  many 
instances  be  obtained  by  boiling  the  stem  of  the  plant  for  some  time 
in  water.  Those  of  rhubarb  are  very  large,  and  may  be  selected  for 
examination. 

The  spiral  vessels  in  leaves  may  be  beautifully  shown  by  allow- 
ing some  coloured  fluid  to  enter  them.  If  the  stalk  be  placed  in 
the  fluid  and  evaporation  from  the  surface  of  the  leaf  be  encoun^ed 
by  exposure  in  a  warm  place,  the  fluid  will  enter  the  vessels.  If 
carmine  fluid,  p.  109,  be  used,  the  germinal  matter  of  the  cells  near 
the  vessels  is  stained  at  the  same  time  that  the  tubes  are  injected. 

Thin  sections  of  soft  vegetable  tissues  in  any  direction  may  be 
very  easily  obtained  with  a  very  sharp  knife.  The  method  of 
cutting  thin  sections  of  woods  has  been  already  referred  to  in  p.  84. 
The  cellular  tissues  of  plants  (certain  leaves,  flowers,  fruits)  arc 
softened  and  at  length  destroyed  by  weak  nitric  and  hydrochloric 
acid  (one  part  of  acid  to  from  twenty  to  fifty  of  water),  while  the 
fibrous  and  vascular  textures  remain  behind,  constituting  the  skeleton 
of  the  leaf,  flower,  calyx,  or  fruit 
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Almost  all  vegetable  tissues  are  most  ensily  investigated 
they  have  been  preserved  for  some  lime  in  Tiscid  media,  which  are 
mi&cible  in  all  proportions  with  water.  Leaves  and  stenu  when 
well  saturated  with  syrup  or  glycerine  are  easily  dissected  into  their 
component  tissues.  They  must  first  be  placed  in  vetj'  dilute 
solutions,  which  may  be  concentrated  by  very  gradual  evaporation, 
or  the  strcngtb  of  the  solution  may  be  increased  by  the  addition  of 
small  <|iiantLties  of  strong  syrup  or  {jlj-cerine  from  day  to  day.  "Ihe 
beautiful  textures  to  be  demonstrated  in  jams  and  preserved  fruits 
luve  been  alluded  to  In  p.  73. 

Very  hard  vegetable  textures,  such  as  the  shell  of  the 
walnut,  Sic,  may  be  cut  into  thin  sections,  accordiog  to 
described  in  p.  83. 

PolUn  grains  are  among  the  mo.st  interesting  objects.  They  are 
easily  procured  by  shaking  the  anther  of  any  flower  fully  expanded 
upon  a  glass  slide,  and  may  be  mounted  dry,  p.75,  in  aqueous  fluids, 
p.  75,  or  in  Canada  balsam,  p.  76. 

The  external  markings  of  the  tetJs  of  plants  are  well  worthy  of 
attentive  examinarion.  The  student  may  examine  the  seeds  without 
any  prejiaration  whatever,  as  dry  objects,  p.  75,  by  reflected  light. 
Many  seeds  may  be  at  once  recognised,  and  the  species  of  plant 
to  which  they  belong,  determined  by  the  markings  on  the  testa 
alone. 

77ie  starch  globules  enclosed  in  the  cells  of  many  seeds  and  some 
rhizomes  e^ihibit  great  \'ariety  in  form,  size,  and  stiuctiire.  Different 
kinds  of  starch  should  be  submitted  to  examination,  and  every, 
student  should  be  familiar wnth  the  microscopical  characters  of  wl 
rice,  and  potato  starch,  pL  XXXVill,  figs.  235,  140,  241,  aiTO' 
and  Indian  com. 

The  colouring  matters  of  leaves  and  flowers  are  contained  in  cells, 
and  are  formed  by  the  germinal  matter  of  each  cell.  Even  in  petals 
of  different  plants,  of  precisely  the  same  colour,  diflerent  kinds  of 
colouring  matter  have  been  recently  detected  by  Mr.  Sorby.  Sec 
"Spectrum  Microscopic  Analysis,"  in  part  III.  The  petals  of  many 
flowen  may  be  preserved  without  difficulty,  as  they  retain  their 
characters  when  dried,  They  should,  however,  be  covered  with 
thin  glass  to  protect  them  from  the  dust. 

If  the  student  desires  to  study  the  manner  in  iv*ich  die  colour- 
ing matter  is  fonned  within  the  cell,  he  must  examine  recent  speci- 
mens in  glycerine,  according  to  the  principles  laid  down  in  part  V. 

The  crystals  or  raphidts  found  in  many  plants  are  well  worthy  of 
attentive  study.  They  differ  in  composition  and  form  In  different 
plants,  and  it  is  even  jjossible  to  rect^ise  some  species  by  the 
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diaracter  of  the  crysuls  aloat;.  Tn  the  buib  of  the  common  onion, 
in  the  leaves  of  the  hyacinth,  and  many  allied  plants,  crystals  may 
be  detected,  Rnphides  are  met  with  in  only  three  orders  of  British 
dicotyledons  :  Jlalsaminaceae,  OnagraciE,  and  Rubiaciae  (Gulliver), 
but  ihey  are  commonly  found  in  many  monocotyledons.  In  frana- 
veree  sections  of  tlte  thick  leaves  of  the  India-rubber  plant  collec- 
tions of  small  crystals  are  seen  in  certain  cells.  See  ifr.  Gulliver's 
papers  in  the  Mlcioscopical  Journal,  especially  the  number  for 
January,  1866. 

Vt9.  or  the  Clrenl«tlon  in  (he  Ctila  of  oert^n  Planti.— l^e  cir- 
culation or  cyclosis  of  the  contents  of  the  vallisneria,  atKuAarUy 
(hara,  and  mtclla,  may  be  observed  without  any  difficulty,  In  all 
these  the  movement  is  due  to  tlie  vHaf  properties  or  powers  of  the 
germinal  matter  wImcIi  moves  round  and  round  the  cell ;  the  hard 
cell  wall  preventing  its  escape,  and  rendering  movements  in  a  right 
line  impossible.  If  subjected  to  examination  under  the  highest 
powers,  however,  certain  precautions  are  necessary.  The  thinnest- 
possible  layer  should  be  removed  with  a  thin  but  very  sharp  knife,- 
from  the  surface  of  a  young  leaf  of  vallisneria  or  anac/iaris  and  the 
two  thin  pieces  thus  obtained  must  be  carefully  placed  on  the  slide 
wiih  a  drop  of  waier  and  covered  with  the  thinnest  possible  glass,. 
care  being  taken  to  prevent  it  from  pressing  firmly  upon  the  freshly 
cut  surface. 

It  not  unfrequently  happens  that  cyclosis  has  entirely  stopped  in 
the  cells  submitted  to  examination,  but  afler  the  fragments  of  the 
leaf  have  remained- still  for  a  short  time  the  movement  recommences, 
especially  if  slight  warmth  be  applied ;  and  it  is  a  good  plan,  espe- 
cially in  winter,  to  |jlace  the  sections  which  have  been  made  in  water, 
in  a  small  corked  glass  tube,  wiiich  may  be  carried  in  the  pocket  for 
a  quarter  of  an  hour  or  more  before  Ihey  are  to  be  subjected  to 
examination. 

Fads  of  the  utmost  general  interest  and  importance  may  be 
deraonsttated  in  vallisneria  by  the  aid  of  the  highest  powers.  The 
stream  which  moves  round  and  round  the  cell,  and  looks  like  pure 
water  under  a  twelfth,  is  found  to  be  composed  of  extremely  minute 
and  apparently  spherical  particles,  endowed  with  active  motor  power, 
if  examined  by  a  s^or  j'^,  pi.  XXXVIII,  fig.  244.  The  green  chlo- 
rophyll masses  are  urged  on  by  the  actively  moving  germinal  matter. 
One  portion  of  the  active,  colourless,  moving  matter  is  seen  to  out- 
strip another  portion,  amount  which  it  gradually  blends  and  incor- 
porates itself,  to  be,  in  its  turn,  outstripped  by  other  portions. 

Solid  particles  are  often  suspended-  in  moving  germinal  matter, 
and  appear  to  move  of  themselves,  although,  really,  they  are  per- 
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fectly  passive  and  are  but  carried  in  the  moving  stream.  Sometimes 
these  are  formed  from  the  germinal  matter  itself,  sometimes  they  are 
foreign  particles  entering  from  w-iUioiit  The  latter  may  be  seen 
commonly  enough  in  the  amsba.  Pus  and  mucus  coqiuscles,  and 
many  other  forms  of  germinal  matter,  contain  extremely  minutfti 
particles,  the  nature  of  which  has  not  been  ix>sitively  determined, 
well  as  foreign  particles  which  become  included  by  the  mass  pn>-' 
jccting  itself  around  them. 

The  hairs  from  the  flower  of  the  Virginian  spider-wort  {Tradesatntia 
Virginka)  a  well-known  garden  plant,  are  beautiful  objects  for 
studying  the  movements  of  the  living  germinal  matter  in  the  celL 
The  transparent  matter  in  active  movement  contains  many  minute 
highly  refractive  particles,  which  enable  one  to  detect  the  slightest 
variation  of  the  direction  in  which  the  stream  sets.  The  young  hairs 
of  the  nettle,  the  culicular  cells  of  this  and  many  other  plants,  exhibit 
rotation.  Tlie  movement  can  ollen  be  seen  in  the  young,  although 
it  may  not  be  visible  in  the  fuliy  formed  cells. 

In  pi.  XXXIX,  5g.  Z45,  a  branch  of  anacharis  alsinastnim  is  repi 
scnted.  It  consists  of  long  slender  stems  which  bear  a  series  of  thi 
narrow  leaves  of  a  pale  green  colour  at  intervals  of  about  a  quarter' 
of  an  inch  apart.  The  leaves  when  full  grown  seldom  exceed  a 
length  of  three-eighths  of  an  inch.  Fig.  i  +3  shows  the  irregular  shape 
;ind  position  of  the  cells  in  one  of  the  leaves  of  tliis  plant  The 
thicknes.s  of  the  central  part  of  the  leaf  is  composed  of  two  layers  of 
such  cells,  but  at  the  margin  only  one  layer  exists.  Fig.  346,  repre- 
sents one  of  the  hollow  spines  or  hairs  at  the  margin  of  the  leaf  > 
the  anacharis.  It  appears  that  when  the  circulating  corpusclesi 
arrive  near  tlie  apex  of  the  spine  where  the  cell  wall  is  indurated,  as 
shown  by  a  brown  discoloration,  they  do  not  pass  quite  to  the  apex, 
but  are  invariably  hurriod  across  the  cell,  as  seen  alb'm  the  figure. 
The  three  drawings  above  referred  to,  have  been  taken  from  Mr.  Wen- 
ham's  paper  "  On  the  Circulation  in  the  Leaf  Cells  of  Anacharis 
Alsinastrum."     (Mic.  Journal,  vol.  Ill,  p.  281.) 

In  pi.  XXXIX,  fig.  246,  is  represented  a  hair  or  spine  from  the 
stalk  of  Anchusa  paniculala,  one  of  the  Boraginea;.  This  is  also 
taken  from  a  drawing  by  Mr.  Wenham  (Mic  Journal,  vol.  Ill,  p,  49), 
The  mode  of  groivth  and  circulation  of  the  sap-corpuscles  are  wel! 
shown.  These  accumulate  and  gradually  become  converted  into  tht 
tissue  of  which  the  spine  is  composed.  Mr.  Wenham  well  describes 
this  process  as  follows  r  a  dense  current  of  corpuscles  travels  along 
one  wall  of  the  spine  constantly  returning  by  the  opposite  side  i. 
At  f,  where  the  deposition  occurs,  there  is  a  considerable  accumula- 
tion, and  at  the  boundary  where  they  are  converted  into  the  substance 
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the  spine  a  number  are  seen  to  be  adherent     Often  in  specimens 

this  plant  the  deposition  has  been  so  rapid  that  there  was  not 

icieni  time  for  the  complete  condensation  of  the  component  cor- 

iscles.     In  these  instances  a  number  of  them  have  been  caught  and 

loosely  enclosed  in  one  or  more  cavities,  as  shown  at  rf,  rf.    The  walls 

of  these  containing  cavities  do  not  possess  a  definite  outline  because 

they  are  lined  with  corpuscles  in  all  their  different  stages  of  transition. 

The  course  which  the  current  takes  in  the  cells  of  vallisneria, 

anacharis,  &c,  is  indicated  by  the  arrows  in  fig.  147,  after  Dr,  Branson. 

Vallisneria,  chara,  nitelia,    and    anacharis  may  be  kept  without 

difficulty  in  glass  jars  in  ,our  rooms,  and  tradescantia  will  grow  in 

pots  outside  the  window,  and  flower  freely  even  in  London.     Pale 

or  white-flowered  plants  should  be  selected  for  observation. 

The  circulation  in  the  cells  of  vallisneria.  and  the  movements  of 
■"Ae  cilia  of  small  animalcules  or  ciliated  cells  under  a  high  power  with 
die  new  binocular  of  Messrs.  Powell  and  Lealand.  p.  11,  once  seen 
can  never  be  forgotten,  for  the  mind  seems  to  have  realised  the 
actual  state  of  things  occurring  during  the  life  of  the  plant,  in  a 
manner  which  before  was  not  possible. 

3S».  or  PrcRcrriaB  VeKCMble  TUiuM  pernuuieiitlr. — Vegetable 
iues  may  be  preserved  according  to  the  plans  already  given  for 
es.  Syrup  and  glycerine  are  excellent  preservative 
media.  The  germinal  matter  of  vegetable  tissues  may  be  stained 
with  carmine,  the  course  of  vessels  and  tubes  may  be  demonstrated 
if  filled  with  coloured  fluids  which  they  will  imbibe  by  capillary 
attraction,  especially  if  evaporation  be  promoted  from  tlie  leaves, 

Seaweeds  which  are  to  be  preserved  permanently,  should  be 
allowed  to  soak  for  some  time  in  pure  water.  Small  pieces  may 
then  be  removed  and  transferred  to  glycerine.  Some  of  the  most 
beautiful  vegetable  preparations  which  I  have  seen  have  been 
mounted  in  glycerine.  The  mixture  of  gelatine  and  glycerine,  and 
gum  and  glycerine  will  also  be  found  good  media  for  mounting 
many  vegetable  structures,  and  chloride  of  calcium  forms  a  useful 
preservative  fluid  in  many  instances.  Creosote  fluid,  carbolic  acid 
water,  very  dilute  spirit  and  water,  and  even  simple  distilled  water 
will  preserve  some  vegetable  tissues  for  a  great  length  of  time.  The 
pith  of  the  stem  of  various  plants,  the  epidermis,  and  many  other 
vegetable  tissues  may  be  preserved  as  dry  objects  very  satisfactorily. 
xai.  or  c<tU«ctins  >i>a  HauDtlns  DUumna. — In  collecting  dia- 
ls and  other  organisms  from  pools,  the  pocket  microscope 
described  in  p.  14,  will  be  found  very  useful.  A  little  of  the  sedi- 
luspected  to  contain  them  may  be  placed  in  the  animalcule 
cage  and  examined  by  the  side  of  the  pool.    The  waistcoat  pocket 
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microscope,  made  by  Mr.  Highley,  and  others  which  pi'eceiled  it, 
have  been  recommendeci  foi  the  same  purpose,  but  to  these  there  is  1 
the  objection  that  only  one  very  small  spot  can  be  examined,  unless  I 
lery  low  powers  be  employed,  and  it  is  of  course  a  mere  chance  if  an  1 
object  happens  to  fall  in  the  centre.  It  seems  to  me  that  every  4 
instrument,  however  simple,  should  permit  the  object  to  be  moved  J 
about,  at  least  a  three-eighths  of  an  inch  in  every  direction.  The  A 
difficulties  of  effecting  this  are  not  great.  See  p.  15,  On  crilect-  J 
ing  diatoms,  see  p.  147. 

The  siliceous  remains  of  the  diatomacete  may  be  separated  from.  1 
guano  and  other  deposits  as  follows  :  The  o^nic  matter  and  carbo-  I 
nate  and  phosphate  may  be  removed  by  boiling  in  nitric  acid,  and  I 
the  remaining  deposit  diffused  through  water  and  collected  as  before  ' 
described,  but  I  much  prefer  to  destroy  the  organic  matter  by  burn- 
ing the  deposit  in  a  platinum  basin,  and  allowing  it  to  remain  for 
some  hours  at  a  red  heat  until  the  black  carbonaceous  matter  has 
burnt  off,  leaving  a  pure  white  ash.     The  phosphates  and  carbonates 
may  be  removed  with  dilute  nitric  acid,  and  the  deposit  washed.     In 
this  way  the  shells  are  not  so  liable  to  be  broken  as  they  are  when 
the  deposit  is  boiled  for  some  time  in  strong  add. 

Sihceous  shells  of  certain  diatoms  are  represented  in  pi.  XL,  ^ 
figs.  251.  3$i,  JSS-  There  is  much  difference  of  opinion  as  to  theB 
cause  of  the  markings  in  many  of  these.  Mr.  Hunt  considers  thall 
dots  on  pleurosigma  represented  in  fig.  252,  as  elevations  noq 
depressions  (Mic.  Joum.  vol.  Ill,  p.  175). 

The  skeletons  of  diatoms  in  Bermuda  earth  and  other  deposits  o 
a  like  kind  may  be  obtained  by  boiling  the  powder  for  a  short  time  | 
in  a  weak  solution  of  potash  and  then  washing  in  successive  portions 
of  distilled  water  according  to  the  plan  described  in  page  85. 

For  the  details  of  mounting  diatoms,  the  reader  is  referred  to| 
Mr,  Davies'  little  work  on    "  Mounting  Microscopical  Specim 


I  shall  now  offer  a  few  general  observations  upon  the  nature  of 
the  different  kinds  of  movements  which  occur  in  living  things,  many 
of  which  have  been  referred  to  in  the  foregoing  sections. 

Hitherto  many  of  the  movements  occurring  in  living  things  have 
been  referr^id  to  the  property  of  coniraetiUty,  and  strange  lo  say,  the 
veiy  authorities  who  never  lose  an  opportunity  of  condemning  those 
who  attribute  any  changes  in  things  living  to  the  influence  of  a 
peculiar  force  or  power — vitaiily,  consider  thai  movements   aie 
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sufficiently  explained  and  accounted  for  if  they  are  attributed  to  this 
mystical  property  of  eontradi/ily.  They  do  not  attempt  to  define 
what  they  mean  by  the  word,  nor  do  they  show  in  what  this  supposed 
propertj'  resembles  or  differs  from  other  properties  of  matter.  They 
do  not  stale  whether  it  is  peculiar  to  the  living  state  or  is  manifested 
after  life  has  ceased. 

Many  facts  have  convinced  me  that  there  is  an  absolute  difference 
between  th'ing  and  non-living  matter,  and  I  maintain  that  the  asser- 
tion that  the  non-living  passes  by  gradations  into  the  living  is  not 
justified  in  the  present  state  of  scientific  knowledge. 

Some  of  the  most  remarkable  phenomena  which  distinguish  living 
from  non-living  matter  may  now  be  observed  under  the  microscope  with 
the  aid  of  the  highest  powers.  There  is  no  department  of  natural 
knowledge  in  which  a  gr^iter  advance  is  to  be  noticed  than  in  this, 
and  the  facts  which  have  been  recently  discovered  enable  us  to  draw 
a  sharp  and  well-defined  line  between  living  things  and  the  various 
forms  of  non-living  matter,  be  it  of  simple  or  complex  composition. 
If  as  investigation  still  further  advances  the  facts  already  known  are 
confirmed,  and  the  conclusions  arrived  at  from  recent  researches, 
supported  by  new  observations  and  experiments — the  operation  of 
some  agency,  force,  or  power  in  living  matter,  distinct  from  every 
kind  of  physical  force  operating  in  non4ii'ing  matter  must  be  ad- 
mitted, and  the  views  at  this  time  most  popular,  will  have  to  be 
modified  in  most  important  particulars. 

!f  the  student  studies  this  question  carefully,  he  will,  I  think, 
find  that  confusion  has  arisen  from  the  attempt  to  account  for  several 
essentially  different  kinds  of  movements  by  one  property, ^ffl«- 
Iratiility.  Thus  any  tissue  which  alternately  becomes  shortened  or 
lengthened,  gaining  in  one  diameter  what  it  loses  in  another,  is  said 
to  be  contractile,  while  on  the  other  hand,  that  which  moves  in 
every  conceivable  direction  is  said  to  do  so  by  virtue  of  the  same 
property.  It  is  not,  however,  very  easy  to  see  how  two  such  dif- 
ferent movements,  as  repeated  acts  of  contraction  and  relaxation 
within  a  definite  space,  and  the  actual  movement  of  a  mass  from 
place  to  place,  can  depend  upon  one  and  the  same  property.  In 
fact,  it  has  yet  to  be  shown  that  the  many  different  movements 
commonly  known  to  occur  in  living  things  are  really  all  of  the  same 
nature.  I  would  arrange  the  movemeuls  occurring  in  living  beings 
as  follows : — 

r.  Primary  or  Vital  Movements— affecting  matter  in  the 
living  state  only,  and  occurring  in  every  direction,  as  seen  in  the 
amfeba,  white  blood  corpuscle,  and  in  genninal  or  living  matter 
generally. 
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a.  Secondary  Movements  —  the  consequence  of  vital  move- 
ments, or  of  other  phenomena,  affecting  matter  which  is  not  in  a 
living  state : — 

a.   Ciliary  ^m'ements. — Probably  due  to  alterations  in  the  quantity 
of  fluid  within  the  cell,  the  changes  in  the  proportion  of  fluid 
being  brought  about  by  the  action  of  the  living  or  germinal 
matter  of  the  cell. 
h.  Muicular  Movatunts. — Due   to  a   disturbance  (electrical    or 
otherwise)  in  the  neighbourhood  of  a  contractile  tissue— that 
is,  a  structure  so  disposed  that  its  constituent  particles  are 
susceptible  of  certain  temporary  alterations  in  position,  which 
alterations  take  place  in  certain  definite  directions  only. 
e.  Molecular  Aftnrmenti. — Which  aflect  all    insoluble   particles, 
non-living  as  well  as  living,  in  a  very  minute  state  when  sus- 
pended in  a  Suid  not  viscid. 
d.  Mm'emeiUs  of  Solid  Particles  sitspmded  in  Fluid  in  Cells,  caused 
by  Curratts  in  th*  Fluid,  as  the  pigmentary  matter  in  the 
pigment  cells  of  the  frog. — Due  to  the  motion  of  the  fluid  as 
it  passes  into,  or  out  of,  the  cell,  through  its  permeable  wall ; 
this  movement  being  dependent  upon  changes  taking  place 
external  to  the  cell. 
va.  Of  tht   PiimuT  or  Vlt«l  Moveiuciitii  aceurrtOK  In    LItIdb 
BclnB*. — This  kind  of  motion  is  peculiar  to  matter  in   the  living 
state,  and  is  not  known  to  occur  in  any  matter  which  has  not  been 
derived  from  mailer  in  a  living  state.     The  movements  cannot  be 
imitated.     They  cease  when  death  occurs,  and  having  once  ceased, 
they  cannot  be  caused  to  reappear  in  the  same  particles  of  matter. 
Excellent  examples  of  vital  movements  are  presented  in  the  common 
amardie  and  many  other  low  forms  of  life,  in  the  wAite  blood  corpuscles, 
in  muaisandpus  corpuscles,  and  less  distinctly  in  the  germinal  matter 
(nuclei)  of  many  tissues  of  the  higher  animals. 

Amcebit  can  always  be  obtained  by  placing  a  small  fragment  of 
animal  malter  in  a  wine-glass  full  of  water  and  leaving  it  in  a  light 
part  of  the  room  for  a  few  days.  I  have  found  it  convenient  to 
introduce  a  few  filaments  of  the  best  cotton  wool  into  the  water. 
The  amcebE  collect  amongst  the  fibres  which  protect  them  from 
being  crushed  by  the  pressure  of  the  thin  glass  when  removed  to 
the  glass  slide.  An  imperfect  idea  may  be  formed  of  the  changes 
taking  place  in  the  form  of  the  most  minute  amoebte  by  reference  to 
fig.  XL.  pi.  2S4- 

Mucus  Corpuscles  in  the  mucus  upon  the  surface  of  the  mucous 
membrane  of  the  air-passages,  white  blood  corpuscles,  and  pus 
corpuscles  exhibit  similar  movements,  fig.  256,    .  Changes  in  form 
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may  be  seen  to  occur  slowly  in  the  germinal  matter  of  the  cornea 
of  the  frog  and  other  animals.  Soon  after  death  a  shrinking  or 
collapse  of  the  sofi  germinal  matter  of  all  cells  lakes  place,  and 
this  alteration  has  led  to  the  view  that  the  nuclei  lie  embedded  in 
spaces  or  vacuoles  in  the  tissues.  During  life,  and  especially  in  the 
early  and  more  active  period  of  growth,  the  germinal  or  living 
matter  is  conlinuous  with  the  tissue,  and  the  shrinking  and  alteration 
in  question  are  due  to  changes  which  immediately  follow  the  death 
of  this  living  matter. 

The  germinal  matter  enlering  into  the  formation  of  ova  is  the 
seat  of  active  vital  movements  which  may  be  studied  without  diffi- 
culty. In  the  ova  of  the  common  water  snail  (limnsus  stagnalis) 
complete  rotation  occurs,  and  the  embryo  from  an  early  period  is 
covered  with  cilia.  Changes  in  form  may  be  obsen*ed  in  the  ova  of 
amphibious  reptiles,  particularly  the  frog  and  newL  Those  of  the 
pike,  stickleback,  and  many  osseous  fishes  are  particularly  favourable 
for  observation  (Ransom).  The  stickleback  can  be  easily  kept  by 
the  raicroscopist  in  an  aquarium.  They  sometimes  breed  in  con- 
finement, and  the  sort  ot  nest  which  is  made  for  the  protection  of 
the  young  and  guarded  by  the  male,  is  an  object  of  great  interest. 

The  raoveraents  in  germinal  matter  of  the  higher  animals  (mucus, 
pus)  can  be  distinctly  seen  with  a  twelfth  of  an  inch  object-glass,  but 
it  is  often  necessary  to  examine  one  particular  corpuscle  very 
attentively  for  half  a  minute  or  more.  In  some  cases  the  changes 
in  form  are  so  slow  that  the  observer  who  looks  at  the  object  for 
the  first  time  cannot  satisfy  himself  of  the  actual  occurrence  of  the 
movement  at  all.  It  is  absolutely  useless  to  attempt  observations  of 
this  kind  in  an  off-hand,  slap-dash,  self-asserting  manner.  Those 
who  desire  to  have  the  delight  of  pondering  over  such  changes  will 
gladly  find  the  leisure  to  observe  the  focts.  This  is  just  one  of 
those  phenomena  which,  having  been  well  seen  once  can  generally 
be  detected  afterwards  without  much  difficulty.  Under  the  sixteenth, 
twenty-fifth,  or  fiftieth,  the  alteration  in  form  can  be  seen  very  dis- 
tinctly, and  there  are  few  things  more  wonderful,  or  which  will 
furnish  more  interesting  matter  for  careful  thought  and  for  valuable 
and  useful  speculation. 

The  movements  I  have  described  as  vUal  movements  I  regard  as 
primary,  and  think  that  the  power  of  movement  exists  in  connection 
with  the  matter  of  which  each  small  portion  of  the  moving  mass  is 
composed.  It  may  be  to  some  minds  unsatisfactory  to  attribute  the 
phenomenon  to  the  influence  of  a  power  of  the  nature  of  which 
nothing  is  known,  but  it  is  surely  better  to  do  this  for  the  present, 
than  to  assert  that  these  movements  are  due  to  physical  force,  when 
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they  cannot  he  CKpI-iiiicd  by  known  laws.  Any  unprt-jiidiced  person 
who  thoroughly  studies  the  movements  and  carefully  thinks  over  the 
facts  of  the  case,  will,  I  think,  find  hinwelf  compelled  to  admit  that 
they  cannot  be  accounted  for  in  the  present  state  of  our  knowledge, 
without  assuming  the  existence  of  I'ilal ptnaer. 

X0S.  Of  tb«  %rvmMaxTi  Xovpmenla  occurrtnK  In  l>lTlns  Belnsii. — 
Ciliary  movement  has  been  already  referred  to  in  p.  161;,  and  uius- 
culat  contraction  in  p.  t6o. 

Of  Molecular  Movemmts- — When  any  solid  matter  in.  an  exceed- 
ingly minute  state  of  division  is  suspended  in  a  limpid  fluid,  every 
one  of  the  minute  particles  is  seen  10  be  in.  a  state  of  active  motion 
or  vibration  in  the  neighbourhood  of  other  particles.  The  cause  of 
these  molecular  movements  has  not  yet  been  satisfactorily  explained, 
and  they  have  often  been  mistaken  for  vital  moi'emetik.  If  some 
bculeria  developed  in  any  decomposing  water  be  exposed  to  a  tem- 
perature of  100°  they  are  destroyed,  but  although  quite  dead,  tnoh- 
cular  movements  still  occur.  If  however,  the  movements  of  the  dead 
particles  be  compared  with  those  of  living  bacteria,  a  great  difference 
will  be  discerned.  Probably  many  movements  of  particles  occurring 
in  cavities  in  crystals  are  of  the  same  nature.     Set  p.  178, 

Movetnents  of  Granules  within  Cells. — The  movement  of  insolu- 
ble particles  from  one  part  of  a  cell  to  another,  as  occure  in  the 
radiating  pigment-cells  of  batrachia  (frog,  toad,  and  newt),  is  proba- 
bly due  to  alterations  in  the  direction  of  the  flow  of  fluid  in  the  cells, 
—front  the  caviqi  of  the  cell  l&ioards  the  tissues,  qt  from  the  surround- 
ing tissue  into  the  cell.  If  the  capillaries  were  fully  distended,  fluid 
would  permeate  their  walh  and  would  pass  into  the  cavity  of  the  cells, 
in  which  case  the  insoluble  particles  would  gradually  become  diffused 
and  would  pass  into  all  parts  of  the  cell ;  while,  on  the  other  hand,  if 
the  capillaries  were  reduced  in  diameter,  and  the  lateral  pressure 
upon  their  walls  diminished,  there  would  be,  as  is  well  known,  a  ten- 
dency for  the  fluid  in  the  surrounding  tissue  to  flow  towards  the  ves- 
sels and  pass  into  their  interior.  In  this  case  the  quantity  of  fluid  in 
the  cells  would  become  gradually  reduced,  and  the  insoluble  particles 
would  become  aggregated  together,  and  would  collect  in  those  situa- 
tions where  there  was  most  space,  as  in  the  central  part  of  the  cell 
around  the  nucleus.  Moreover,  in  the  last  case,  the  flow  of  fluid, 
which  constantly  sets  towards  the  nucleus,  would  be  instrumental  in 
drawing  the  particles  in  this  same  direction,  while  if  the  cell  contained 
a  considerable  proportion  of  Qviid,  the  currents  would  pass  betiveen 
the  particles  without  moving  them.  Evaporation,  as  it  occurs  after 
death,  causes  concentration  of  tlie  insoluble  particles  towards  the 
centre  of  the  cells. 
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Oh  tlic  odicr  hand,  the  changes  in  these  pignienl-cells  of  Uie 
frog  have  been  Lonsidered  by  Professor  Lister  to  be  dun  to  vi/a/ 
aciiotis,  and  he  agrees  with  Wittich  and  others  who  maintain  they 
are  uniJer  the  immediate  conEml  of  the  nervous  system.  Indirectly, 
no  doubt,  they  are,  but  I  do  not  think  that  any  experiments  have 
proved  satisfactorily  that  the  nerves  exert  any  direct  influence  upon 
the  movemenis  of  the  particles  in  these  cells.  It  is  well  known  that 
tlie  nerves  govern  the  calibre  of  the  vessels,  and  thus  inQuence  the 
amount  of  fluid  in  the  surrounding  tissues,  and  in  this  indirect 
manner  nerves  may  be  said  to  affect  the  movements  of  the  particles 
in  the  cells.  The  reader  will  find  a  full  account  of  Professor  Lister's 
experiments,  and  the  arguments  deduced  from  ihem,  in  his  paper 
"On  the  Cutaneous  Pigmentary  System  of  the  Frog,"  published  in 
the  Philosophical  Transactions  for  1858. 

S64.  or  Groirth  *nd  MnltlpUcKtlan. — Almost  inseparable  from 
the  consideration  of  the  nature  of  tlie  movements  occurring  in  living 
things,  is  the  study  of  operations  by  which  particles  are  added  to 
and  ofien  lifted  above  other  particles  in  the  process  of  growth, — a 
universal  property  of  things  that  live.  The  observer  who  aims  at 
studying  the  remarkable  and  highly  interesting  phenomena  of  germi- 
nation, growth,  and  multiplication  of  cells  or  elementary  parts  in 
the  tissues  and  organs  of  man  in  health  and  disease,  will  find  it 
absolutely  necessary  to  investigate  these  processes  in  the  simplest 
living  beings  where  they  occur  under  less  complex  conditions.  He 
must  exercise  the  utmost  caution  in  drawing  inferences  from  what 
he  does  see  or  rather  thinks  that  he  sees,  and  he  must  always  bear  in 
mind  that  great  and  irreconcii cable  differences  of  oi-inion  exist  among 
even  distinguished  observers  with  regard  to  the  geniiral  nature  of  the 
changes  which  takes  place  when,  for  example,  a  spore  of  common 
mildew  germinates,  or  an  insignificant  bacterium  gives  rise  to  new 
bacteria-  How  then  is  it  likely  that  the  mode  of  growth,  origin,  and 
multiplication  of  some  of  the  highly  complex  structures  formed  in 
nian,  especially  in  the  course  of  disease,  can  be  described  with 
correctness  or  fully  explained  to  the  student  ? 

It  has  been  stated  over  and  over  again  that  living  bacteria 
originate  in  decomposing  matters,  and  one  who  has  recently  written 
on  the  sul^'ect  thinks  that  he  has  seen  the  fibrillx  of  muscle  resolve 
themselves  into  these  living  bodies  !  It  is  always  necessary  to  be  on 
our  guard  against  the  acceptance  of  fallacious  observations  of  this 
kind.  Those  who  have  had  much  e.\pcrience  in  the  manufacture  of 
pseudo-bacteria,  could  produce  a  number  of  objects  and  advance 
facts  and  arguments  which  would  probably  fully  convince  any 
inexperienced  person  that  there   was  abundant  evidence  to  prove 
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that  bacteria  were  but  the  modified  particles  of  certain  tissues, 
although  the  evidence  really  points  the  other  way,  Perfect  looking 
bacteria  may  be  produced  readily  enough  by  gently  wanning  over  a 
spirit-lamp  a  little  blood  placed  on  a  glass  slide  and  covered  with 
thin  glass.  From  the  red  blood  corpuscles  under  these  circumstances 
numerous  very  narrow-joinied  filamentous  processes  are  seen  lo 
project,  and  from  iheir  constant  vibration  and  molecular  movements 
these  might  be  easily  mistaken  for  living  bodies,  pi.  XLl,  figs. 
260,  262.  Sometimes  they  become  detached  and  move  about  in  a 
manner  much  resembling  certain  forms  of  bacteria.  At  the  same 
time  any  one  familiar  with  in*-estigations  of  this  kind  would  be 
deceived  neither  by  the  general  appearance  nor  by  the  movements  of 
these  bodies.  Living  bacteria,  like  other  living  things,  come  from 
germs  formed  by  pre-existing  living  things  like  themselves. 

The  student  will  learn  tnany  most  important  facts  by  watchii 
the  germination  of  the  common  mildew,  and  studying  the  difiTerenl 
appearances  of  the  plant  when  developed  under  different 
stances  pi-  XLI.       It  is  exceedingly  instructive  to  watch  the  growthj 
of  the  spongioles  of  a  young  plant  (mustard  seed,  wheat,  mignonetl^^ 
or  better,  any  much    smaller  seed),  as  they  grow  under  the 
glass.       Fluid   may  be  constantly  supplied  according  to  the  pli 
described  in  page  67. 

By  dint  of  a  little  really  careful  observation  the  student  will  soon 
learn  to  distinguish  purely  vital  phenomena  from  mere  physical  and 
chemical  changes,  and  will  be  able  to  answer  the  arbitrary  dicta  of 
those  who  persist  in  looking  upon  phenomena  which  have  nothing 
whatever  in  common,  as  of  the  same  nature  and  due  to  the  same  cause. 
Would  not  any  other  conclusion  have  afforded  support  to  the  views 
they  have  adopted  concerning  what  has  been  termed  unity? 
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S«S.  or  tbe  Aiutoinyor  CirstAla. — In  the  first  place  it  is  most 
important  thai  an  observer  should  make  himself  acquainted  with 
what  may  be  called  the  anatomy  of  crystals.  Much  might  be  said  on 
this  subject,  and  much  remains  to  be  learned.  A  crystal  in  its  most 
perfect  state  is  bounded  by  definite  and  perfect  planes,  and  has  an 
uniform  and  simple  structure  throughout,  as  shown  by  its  cleavage 
or  by  its  optical  characters ;  but,  though  the  external  form  may  be 
very  sitnple  and   perfect,   its   internal    structure   may  be   far  from 

•  For  lie  observations  upon  tbe  ciaminalion  ot  rocki  anil  crystals,  including 
§§365,366,167,  36S,  and  269,  I  am  indebted  lo  ihe  kindness  of  my  fciend 
Mr.  H.C.  Swbj,  F.R.S, 
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sim|}le.     Thin    plates  or  lai^e   segments   may  occur,    the   material 

of  which  is  not  in  the  same  crystalHne  position  as  the  rest,  but 

inclined  at  different  angles,  according  to  the  laws  of  twin  crystals ; 

and  in  some  cases  this  gives  rise  to  very  remarkable  characters,  seen 

to  great  advantage  in  some  of  the  constituents  of  rneteorites.     On 

the  contrary  all  perfect  crystalline  planes  may  be  absent,  and  yet  the 

ultimate  structure  may  be  that  of  a  simple  and  perfect  crystal,  as 

1    shown  by  cleavage,  or  by  the  action  of  polarized  light ;  and  there- 

I  fore   it   becomes   necessary  to   understand   what    terms    should   be 

employed  to  express  these  facts.     Shall  we  use  the  term  a  crystal  to 

signify  a  body  bounded  by  definite  planes,  which  may  have  a  very 

composite  internal  structure,  or  to  signify  a  body  of  perfectly  simple 

and  uniform  molecular  constitution,  which  does  not  happen  to  have 

,  perfect  bounding  planes?      In  studying  the   structure   of  rocks    it 

(  appears  to  me  far  better  to  use  the  term  a  crystal  to  signify  the  sim- 

I  plicity  of  ultimate  molecular  constitution,  and  to  express  the  character 

I  of  the  external  form  by  saying  whether  it  is  bounded  by  crystalline 

1  planes    or    by   irregular  surfaces,    independent   of    the   crystalline 

'  Structure. 

ise  this  phraseology  we  may  say  that  each  detached  plate 
of  the  echinodermata  is  one  crystal,  being  as  if  it  were  made  out  of 
one  simple  crystal  of  calcite  cut  into  the  form  and  hollowed  out  into 
all  the  complicated  structure  characteristic  of  that  kind  of  shell  ;  and 
as  an  example  of  the  very  opposite  fact,  I  may  refer  to  certain 
I  crystals  of  native  phosphate  of  lime,  which  have  the  external  planes 
characteristic  of  that  mineral,  and  yet  are  made  up  of  a  vast  number 
of  much  smaller  crystals,  in  no  way  related  to  the  external  form,  and 
not  bounded  by  crystalline  planes.  Such  distinctions  are  amongst 
the  most  important  in  studying  the  microscopical  stnicture  of  rocks, 
•^and  from  such  facts  the  physical  history  of  a  rock  may  be  deduced. 
sea.  or  tta«  use  or  PoIaUkmI  LlxHt. — In  applying  these  principles 
it  is  requisite  to  understand  some  of  Che  leading  facts  connected  with 
polarised  light  It  must  not  be  used  merely  to  show  structure,  or, 
as  is  too  often  the  case,  merely  to  show  pretty  colours,  but  as  the 

Imost  searching  means  of  learning  the  nature  and  molecular  constitu- 
tions of  the  substances  under  examination.  The  action  of  crystals 
on  polarised  light  as  applied  to  the  microscope  is  due  to  their  double 
refraction,  which  depolarises  the  polarised  beam,  and  gives  rise  to 
colours  by  interference,  if  the  crystal  be  not  too  thick  in  proportion 
to  the  intensity  of  the  power  of  double  refraction  in  the  line  of 
vision.  This  varies  much  according  to  the  position  in  which  the 
crystal  is  cut,  and,  therefore,  in  a  section  of  a  rock  different  crystals 
of  the  same  mineral  may  give  very  different  results ;  but  still  we  may 
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oftL'n  form  a  good  genera.)  opmioQ  on  the  intensity,  aii;I  may  thufl-1 
(lislingiiish  different  minerals  whose  intensity  of  action  varies  con- 
siderably. But  besides  this,  the  intensity,  but  not  the  character  of 
the  depolarised  light  varies  according  to  the  position  of  the  crystal  in 
relation  to  the  plane  of  polarisation  of  the  light  There  are  two 
axes  at  right  angles  to  each  other,  and  when  either  of  them  is  parallel 
to  the  plane  of  polarisation,  the  crystal  has  no  depolarising  action, 
and  if  the  polarising  and  analysing  prism  are  crossed,  it  looks 
black.  On  rotating  either  the  crystal  or  the  plane  of  poiarisa- 
lioB,  the  intensity  of  depolarising  action  gradually  increases,  until  the 
axes  are  inclined  to  45",  and  then  gradually  diminishes  till  the  other 
axit  is  in  the  plane  of  polarisation.  If,  therefore,  we  are  examining 
any  transparent  body,  and  find  that  this  takes  place  uniformly  over 
the  whole,  we  know  that  the  whole  has  one  simple  crystalline  struc- 
ture; whereas,  if  it  appears  as  it  were  to  break  up  into  detached 
parts,  each  of  which  changes  independently,  we  know  that  it  is  made 
up  of  a  number  of  separate  crystalline  portions,  either  related  as 
twins,  orquite  independent  of  each  other,  as  other  facts  may  indicate. 
By  using  a  plate  of  selenite  of  suitable  thickness,  we  may  also  ascer- 
tain in  what  directions  the  crystal  raises  and  depresses  the  lint  of 
colour  given  by  the  selenite,  and  can  thus  determine  the  position  of 
the  principal  axis  of  the  crystal. 

As  an  excellent  illustration  of  the  use  of  these  principles,  I  may 
refer  to  the  structure  of  pseudomorphs.  We  may  often  see  in  sections 
of  rocks  crystals  which  are  much  broken  up  either  by  mechanical 
violence  or  by  incipient  decomposition,  and  it  might  often  be 
extremely  difficult  or  impossible  to  distinguish  them  from  other  cases 
where  the  external  form  is  also  that  of  a  perfect  crystal,  and  yet 
the  material  completely  changed.  In  the  former  case  polarised 
light  will  often  show  at  once  that  all  the  different  portions  are  in  the 
same  crystalline  position,  and  related  to  the  external  form,  but  in 
the  latter  are  arranged  promiscuously,  independent  of  the  external 
fonn,  or  related  to  it  as  products  of  an  alteration  which  extended 
inwardly  from  the  outer  surface  or  from  irregular  cracks.  Occasion- 
ally most  important  theoretical  conclusions  depend  on  such  a 
structure,  and  it  maybe  almost  conclusive  proof  of  the  metamorphism 
of  masses  of  rock  when  other  evidence  almost  fails. 

Then  again  we  must  examine  and  bear  in  mind  any  definite  order 
that  may  be  found  to  occur  in  the  arrangement  of  a  number  of 
crystals,  since  that  may  indicate  important  differences.  This  depends 
on  the  fact  that  crystals  have  a  tendency  to  form  with  particular  faces 
perpendicular  or  parallel  to  the  surface  on  which  they  grow,  depend.. 
ing  partly  on  the  nature  of  the  substance,  and  partly  on  the  aecoodar}' 
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form  which  may  be  produced  in  particular  circumstances.  Such 
facts  may  show  for  example  that  some  round  bodies,  like  oolitic 
grains,  have  been  formed  by  the  externa!  growth  of  crystals  radiating 
from  a  central  nucleus,  whilst  others,  like  those  so  common  in 
meteorites,  were  formed  in  an  entirely  different  manner,  and  have  the 
structure  of  round  bodies  which  crystallised  aftern-ards.* 

sei.  CryKtMiR  or  one  MtnenU  cncioMd  In  aAotker. — The  enclosure 
of  crystals  of  one  mineral  inside  another  presents  us  with  a  long  series 
of  interesting  facts,  described  in  a  work  specially  devoted  to  that 
subject.+  Any  one  who  has  not  examined  die  microscopical  struc- 
ture of  some  rocks,  would  hardly  believe  the  extent  to  which  this 
occurs.  The  minerals  in  erupted  lavas  are  often  full  of  minute 
crystals,  and  it  is  easy  to  \inderstand  why  chemical  analyses  should 
frequently  give  such  anomalous  results.  Care  must  somerimes  be 
taken  not  to  confound  such  included  minerals  with  cavities,  and  by 
using  polarised  light  we  generally  disdnguish  them,  though  it  must 
be  admitted  that  transparent  crystals  having  no  double  refrac- 
tion might  look  very  much  like  cavities  Jilted  with  some  liquid. 
The  most  satisfactory  proof  of  their  being  cavities  is  the  formation  of 
a  bubble  when  the  temperature  is  reduced,  but  in  other  cases 
we  may  observe  whether  the  form  is  that  of  an  independent  minute 
crystal,  or  related  to  the  shape  of  the  larger  crystal,  as  is  the  case 
with  cavities. 

SB8.  «f  tbe  CKritlM  la  crrsial*. — The  study  of  these  cavities 
constitutes  one  of  the  most  important  branches  of  our  subject,  since 
by  means  of  them  we  may  often  leam  under  what  conditions  the 
rock  was  formed,  as  1  have  shown  in  a  paper  published  some  years 
ago.}  I  think  that  I  cannot  do  better  than  give  the  short  abstract 
printed  at  the  time. 

"In  this  paper  the  author  showed,  that,  when  artificial  crystals  are 
examined  with  the  microscope,  it  is  seen  that  they  have  often  caught 
up  and  enclosed  within  their  solid  substance,  portions  of  the  material 
surrounding  them  at  the  time  when  they  were  being  formed.  Thus, 
if  they  are  produced  by  sublimation,  small  portions  of  air  or 
vapour  are  caught  up,  so  as  to  form  apparently  empty  cavities; 
or,  if  they  are  deposited  from  solution  in  water,  small  quantities  of 
water  are  enclosed,  so  as  to  form  fiuid-tavities.  In  a  similar  manner, 
if  crystals  are  formed  from  a  state  of  igneous  fusion,  crystallising  out 
from  a  fused-stone  solvent,  portions  of  this  fused  stone  become 
entangled,    which,    on    cooling,    remain    In  a  glassy  condition,    or 

*  On  mcasDiing  t!iE  anf^les  of  crystals,  Kt  pari  III. 

t  Sochting.     Einschlilsse  von  Mineralen.     Freibeig,  1860. 

I  <^u«rt.  Jour.  Geol.  Soc,  voL  XIV,  p.  453. 
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become  stony,  so  as  to  produce  what  may  be  called  glass-  or  stonf-  \ 
cavities.  All  these  kinds  of  cavities  can  readily  be  seen  with  suitable 
magnifying  powers,  and  distinguished  from  each  other  by  various 
definite  peculiarities. 

From  these  and   other  facts,   the  following  conclusions  were 
deduced : — 

r.  Crystals  containing  only  cavities  with  water  were  fonned  from 
solution. 

2.  Crystals  containing  only  stone-  or  glass-cavities  were  formed 
from  a  state  of  igneous  fusion. 

3.  Crj-stals  containing  both  water-  and  stone-  or  glass-cavitieaj 
were  formed,  under  great  pressure,  by  the  combined  influence  < 
highly  heated  water  and  melted  rock. 

4.  That  the  relative  amount  of  water  present  in  the  cavities  majr^v 
in  some  cases,  be  employed  to  deduce  the  temperature  at  which  tin 
crystals  were  formed,  since  the  accompanying  vacuity  is  due  to  thei 
contraction  of  llic  fluid  on  cooling. 

5.  Crystals  containing  only  empty  cavities  were  formed  by  subi 
limation,  unless  the  cavities  are  fluid-cavities  that  have  lost  thei 
fluid,  or  are  bubbles  of  gas  given  off  from  a  substance  which  w 
fused. 

6.  Crystals  containing  few  cavities  were  formed  slowly,  in  com- 
parison with  those  of  the  same  material  that  contain  many. 

7.  Crystals  that  contain  no  cavities  were  formed  very  slowly,  c 
the  cooling  from  fusion  of  a  pure,  homogeneous  substance." 

Independent  of  (their  connection  with  the  origin  of  rocks,'* 
these  fluid-cavities  are  very  interesting  as  microscopical  objects,  since 
the  small  bubbles  which  they  contain  exhibit  spontaneous  molecular 
movement  to  great  advantage.  As  illustrations  of  such  cavities,  the  , 
reader  is  referred  lo  figs.  263,  264,  in  pi.  XLII.  In  fig.  763  ii 
enclosed  in  a  crystal  of  nepheline,  from  one  of  the  ejected  blocks  0 
Monte  Somma,  and  shows  two  different  kinds  of  included  crysta 
water — or  rather  a  concentrated  saline  solution — and  a  spher 
bubble.  Fig.  264  is  from  the  quartz  of  granite,  with  a  very  s 
bubble,  which  moves  about  freely  in  the  water  filling  the  cav 
only  when  such  bubbles  are  very  minute  that  their  movement  is 
decided,  but  when,  for  example,  about  TTfaTnsth  inch  in  diameter, 
tliey  frequently  as  it  were  swim  about  in  the  liquid,  like  minute  ani- 
malcules. Brown,  in  a  paper  printed  in  1827,  showed  that  minute  solid 
or  even  liquid  particles  contained  in  another  liquid  possess  a  natural 
molecular  movement,  quite  independent  of  any  currents,  and  this 
motion  of  the  bubbles  in  fluid-cavities  appears  to  me  to  be  in  all 
respects  the  same,  only  that  it  is  the  movement  of  a  gaseous  globule. 
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As  far  as  I  am  aw.iro  no  satisfactory  exitlanation  has  been  given  o( 
this  curious  phenomenon,  and  1  caji  only  suggest  that  it  is  in  some 
way  related  to  those  molecular  movements  on  which  sensible  heat 
appears  to  depend. 

SOB.  On  Makinit  Bectlonii  ol  Hock«  and  CrrRtBii.— Compara- 
tively little  can  be  learned  of  the  stnicture  of  rocks  and  minerals  from 
the  examination  of  fractured  surfaces  by  reflected  light.  Flat 
polished  surfaces  show  very  much  more,  but  nearly  ail  the  important 
facts  can  only  be  observed  by  examining  thin  sections  by  trans- 
mitted light  \Vhat  is  really  requisite  is  to  have  portions  sufficiently 
thin,  flat,  and  smooth  to  transmit  light  In  some  cases  fragments  of 
clear  minerals  may  be  broken  thin  and  flat  enough  to  show  certain 
facts  very  well,  when  mounted  in  Canada  balsam ;  and  in  this  manner 
we  may  easily  study  the  fluid-cawties  in  ([uarlz,  or  the  structure  of 
such  rocks  as  obsidian  and  pitch-stone.  In  many  cases,  however,  we 
must  have  recourse  to  carefully  prepared  thin  sections.  The  details 
of  the  method  of  preparing  these  must  necessarily  vary  according  to 
the  mechanical  means  at  the  disposal  of  each  person,  and  much  time 
may  be  saved  by  the  use  of  machinery,  I  shall  therefore  give  such 
a  general  account  as  may  be  used  by  any  one  who  has  not  machinery 
at  command,  premising  that  it  will  be  easy  to  modify  it  in  detail, 
according  to  the  facilities  which  each  may  possess  for  employing 
more  ex[}editk)us  methotfe. 

In  collecting  specimens  for  examination,  I  find  it  convenient  to 
break  off  portions  from  the  rock  as  flat  and  thin  as  possible,  so  that 
they  may  be  ground  down  at  once  ;  for  otherwise  it  may  be  requisite 
to  saw  off  portions  with  a  lapidary's  wheel,  or  by  means  of  a  straight 
toothless  saw  of  sheet-iron  with  emery.  Having  made  tlie  sjieci- 
men  of  a  convenient  size  and  form,  with  one  side  flat,  this  must 
be  ground  down  perfectly  level  and  dressed  off  very  smooth.  I 
tisually  avoid  using  any  polishing  powder,  since,  if  it  were  to  work 
into  cracks  or  cavities,  it  would  be  far  more  objectionable  than  any 
slight  want  of  polish.  If  we  attempt  to  grind  down  the  surface  on 
such  a  stone  as  should  be  used  to  finish  ofl^,  very  much  time  would 
be  lost,  and  it  is  therefore  best  to  use  a  series  of  stooes  of  increasing 
fineness.  I  have  generally  used  first  fine  emery  on  a  plate  of  iron  or 
zinc,  then  a  kind  of  stone  known  by  marble  workers  as  "  Congleton  ;" 
after  that  a  soft  piece  of  Waler-of-Ayr  stone,  and  finally  finish  off  on 
a  very  hard  and  fine-grained  piece  of  the  same  kind.  However,  since 
it  may  be  difficult  lo  procure  such  stones,  a  flat  slab  of  fine-grained 
marble,  or  different  kinds  of  slate  may  be  used.  A\'hat  is  wanted  is  to 
finish  off  the  surface  so  as  to  be  free  from  scratches  and  almost 
polished,  with  the  hardest  and  the  softest  portions  ground  down  to 
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ihe  same  level.  If  not  tlressed  smooth  by  slow  grinding,  the  hard 
portions  will  stand  out  in  relief ;  and  when  the  section  is  finished,  the 
soft  parts  may  be  all  ground  away  before  the  hard  are  sufficienlly 
thin,  and  the  structure  of  the  rock  may  be  finite  misunderstood., 
Having  duly  prepared  one  flat  surface,  it  should  be  fastened  d( 
OQ  a  piece  of  glass  witk  Canada  balsam.  Tkis  should  be  kept  hi 
until  it  is  so  hard  as  to  be  just  brittle  when  cold.  1  find  il  best 
remove,  time  after  time,  a  small  piece,  until  il  has  become  so  hard 
that  when  cold,  it  can  he  rubbed  to  powder  between  (he  thumb  and 
finger.  The  piece  of  stcme  should  be  made  hot,  but  no  hotter  than 
needfiil,  so  that  liquid  may  not  be  expdled  from  the  fluid-ca\-ities, 
and  balsam  should  be  spread  over  the  flat  surface,  and  kept  hot  for 
a  wliile  ;  which  penetrates  into  the  softer  parts  and  hardens  them. 
Before  fixing  the  specimen  on  the  glass,  it  is  well  to  remove  this 
balsam,  and  fasten  it  down  by  that  on  the  glass.  I  find  it  much  the 
best  to  use  square  pieces  of  glass.  The  usual  j-inch  by  i  glasses  are 
very  unsuitable  for  the  purpose ;  since  they  are  much  too 
direction,  and  too  sliort  in  the  other.  I  use  glasses  i  J  inch  squf 
and  generally  make  sections  about  i  inch  square,  which  is  a  ■ 
suitable  size.  Since  the  section  ought  not  to  be  removed  from 
glass,  care  should  be  taken  in  grinding  down  not  to  scratch 
glass.  This  may  be  avoided  by  fastening  small  bits  of  sheet  zinc  al 
each  comer  with  balsam,  and  grinding  the  stone  with  emery  until 
they  all  come  flat  down  on  the  plate.  The  stone  is  then  equally  thin 
all  over;  and  having  removed  tlie  bits  of  zinc  it  must  be  further 
ground  down  on  the  stones  until  of  the  proper  thickness,  and  the  upper 
surface  finished  off  in  the  manner  already  described.  The  thickness 
must  depend  very  much  on  the  nature  of  (he  rock.  If  coarsegrained 
and  composed  of  comparatively  transparent  tninerals,  toB^^  '^^  ^'^ 
inch  may  not  be  too  thick,  whereas  some  very  fine  grained  and 
opaque  rocks  should  be  not  above  ysojjth  of  an  inch.  Of  course  it 
is  requisite  so  to  grind  them  down  as  not  to  break  up  or  disturb  the 
different  constituents  ;  and,  since  some  parts  may  be  very  hard  and 
some  very  soft,  it  is  impossible  to  prepare  perfect  sections  unless  they 
are  slowly  ground  down  on  a  fine-grained  stone,  ivhich  may  gradually 
wear  away  the  hardest  parts  without  injuring  the  soflesL  After 
having  finished  the  section  I  find  it  often  better  to  keep  It  some  lime 
before  I  mount  over  it  a  thin  glass  cover,  in  order  that  the  balsam 
may  become  quite  hard.  I  then  melt  some  bakam  at  a  gentle  heatj 
on  a  thin  glass  cover  of  proper  size,  and  just  before  I  place  it  on,  t] 
wet  ihc  surface  of  the  section  with  a  drop  of  turpentine,  which 
into  the  pores  so  as  to  make  it  more  transparent,  and  renders  it  mudjj 
easier  to  fasten  down  the  glass  without  any  bubbles.    This  must 
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(lone  at  a  very  gentle  heat,  so  as  ixW  to  cause  the  section  to  break  up 
hy  melting  the  balsam  which  holds  it  fast  to  the  glasB  plate. 

Sections  of  veiy  soft  rocks,  which  would  easily  break  up  in  water, 
maybe  prepared  in  the  s.ime  manner  by  hardening  themivith  balsam. 
They  should  be  first  soaked  with  turpentine,  and  then  with  soft 
balsam,  and  kept  hot  until  quite  hard. 

We  may  modify  the  above  plan,  with  advantage  in  preparing 
sections  of  such  hard  minerals  as  quartz.  If  ground  down  with 
emery  and  water,  deep  scratches  are  produced,  and  it  lakes  a  long 
lime  to  remove  them  by  means  of  the  softer  stones.  This  may  be 
avoided  by  using  fine  emery  paper,  held  flat  on  a  piece  of  plate  glass. 
After  grinding  down  to  nearly  the  proper  thickness  with  emery  and 
water,  common  English  flour-emery  paper  may  be  used,  which  soon 
removes  the  deep  scratches  ;  and  afterwards  thesurface  may  be  almost 
polished  by  using  the  finest  French  emery  paper  employed  in  pre- 
paring steel  plates  for  engraving;  a  perfect  polish  can  then  be 
easily  given  by  means  of  rouge  on  parchment  Crystals  of  sails 
soluble  in  water  may  also  be  ground  down  and  dressed  smooth  on 
emery  paper,  and  firwlly  poliehed  with  rouge  in  the  same  manner ; 
1  many  cases  they  may  be  examined  without  this  preparation, 
and  may  be  fastened  on  glasa  with  balsam.  Some  are  decomposed 
by  contact  with  balsam,  and  must  be  kept  dry  in  small  covered 
cells  ;  others  may  be  mounted  in  a  concentrated  solution  of  the 
same  salt,  when  it  is  desirable  to  retain  the  liquid  enclosed  in  the 
fluid-cavities  ;  and  when  very  small  they  may  be  mounted  in  Canada 
balsam,  or,  if  that  be  objectionable,  in  castor  oil. 

Sometimes    the    structure   of  a  rock  or  other  mineral  substance 

may  be  studied  to    great    advantage    by  grinding    it  to  a  suitable 

shape,  moderately    thick    and   flat,  fixing   one    side   to   glass  with 

balsam,  and  acting  on  the  other  with  a  dilute  acid.     If  one  part 

is  soluble   and    the    other  not  acted    on,  some  valuable  facte  may 

^^      be    learned.       As   an  example  I  refer  to  the  Eozoon    Canadense, 

^^L    which  has-  lately  attracted  so  much'  attentioni      One   part  consists 

^^1    of  carbonate  of  lime,  and  the  other  of  siliceous  minerals  insoluble 

^^r    in  diluted  acid  r  and  when  the  former  is  dissolved  a  most  beautiful 

and  minute  structure  may  be  seen,  which  appears  to  be  due  to 

minute   tubes-  and   other   open  spaces   filled  with'  the   insoluble 

mineralsi 

I  ST*.  Af  Me  mcruwoplcal  Slnictiirw  at  Iran  kitd  St«cl.— Tim 
micBOSCopi<al  structure  of  iron  and  steel  is  best  shown  by  polished 
Eur£)ce3  dightly  acted  on  by  *ery  dilute  nitric  acid.  The  section 
should  be  cut  in  the  requfred  directioa  by  means  of  a  saw,  and 
ground  or  filed  down   to  a  convenient  thickness,  and  fixed  to  a 
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piece  of  glass.      The  upper  surrace  should  then  be  filed  level,  and 
tlressed  with  coarser  and  finer  emerj'  paper,  and  afterwards  ground 
smooth   witfi    a   bit    of  a    soft    Waier-of-AjT    stone   about    J4ncli    i 
square.     Every  trace   of  roughness    should    then    be    removed  by 
means  of  rouge   and  water   on  cloth ;  for   unless  the  surface   be 
e;(treniely  well  polished  the  structure  of  some  kinds  of  iron  cannot 
be  seen.     It    naust   not  be  thai  sort  of  polish  which  merely  gives 
.1  bright  reflection,  but  one  which  may  show  all    the    irregubrities 
of  the  material,  and  is  as  far  removed  as  possible  from  a  burnished 
surface.      All   trace  of  tlie  rouge  should  be  washed  off,  and  care    i 
used  not  to  touch  the  surface  with  the  fingers,  which  is  then  acted  on 
with  extremely  dilute  nitric  acid.     If  the  action  be  allowed  to  pro- 
ceed   100  far,  the  most  important  points  in  the  structure  may  be   i 
entirely  obliterated ;  and  therefore  it  is  well  to  take  the  section  out    I 
of  the  solution  and  examine  it  under  water  in  a  glass  trough,  and 
again  act  on  h  with  acid,  time  after  time,  until  the  structure  is  seen 
10  the  greatest  advantage.     The  section  most  then"  be  well  washed    I 
and  (juickly  dried  by  wiping  the  surface  with  a  handkerchief;  and    | 
after  slightly  rubbing  it  on  soft  wash-leather,  a  thin  glass  cover  must   | 
be  mounted  over  it  with  Canada  balsam. 

Of  course  such  sections  must  be  examined  by  reflected  light  | 
For  this  purpose  no  illuminator  is  better  than  the  parabolic  reflec- 
tors supplied  by  Messrs.  Beck,  which  were  in    fact  first  made  for  j 
me,   for  that  special   purpose.      1  afterwards  added  another  small  j 
reflector,  inclined  at  an  angle  of  45°,  attached  to  a  moveable  arm,  so 
thai  we  may  see  an  object  by  direct  reflection.     The  general  con- 
struction   will    be    seen    from    fig.    265,    lA.    XIJI,    cx>pied    from  I 
Mr.  Richard  Beck's  paper  in  the  Transactions  of  the  Microscopical  I 
Society  (vol.  XIII,  p.   117). 

The  small  reflector  is  seen  at  m,  with  a  semi-rylindrical  tube  x,   1 
to  shut  off  the  light  reflected  by  the  parabola.      \\'ben    the  latter  1 
is  used  the  small  reflector  Is  turned  away  by  means  of  the  milled  j 
head  v,  into  the  position  indicated  by  the  doited  lines.     The  differ-  I 
ente  between  ihe  two  illuminations  will  be  seen  from  figs.  a66  and  | 
267.     When  the  parabola  is  used,  light  passing  from  rf  is  reflected  | 
from  /,  fig.  266,  and  if  the  object  i  has  a  polished  surface,  is  again  ] 
reflected  to  e,  quite  outside  the  objecl-glass  a,  so  that  a  polished  I 
surface  appears  black,   whilst   at    the   same   time   a  rough   surface  j 
appears    white    or  coloured    by  diffused    reflection.       When,  how- 
ever,   the    small  reflector  g,  fig.    367,  is  half  over  ihe  object-glass, 
the  light  is  refiecleil  through  the  other  half  of  the  lens  i",  in  such  a 
manner  that  a  polished  surface  appears  bright,  and  a  rough  surface 
comparatively  dark.    We  can  thus  distinguish  at  once  Ihe  difference 
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^^Bibelween  black  slag  and  that  very  hard  constituent  of  some  kinds  of 

^^■Mecl,   which    remains    so    bright    and    polished    after  having  been 

^^Hscied  on  by  cold    diluted  acids,   as  to  look  quite  as  black  as  the 

^^^blag  by  ordinary  illumination.     In   fact,  I  may  say  that  in  stud}-tng 

^^^nrons  and  steel  such  an  illuminator  is  indispensable. 

^^H        SI**.  Vn  MeaaurinK  tlie  AukIci  of  CttrMIi — Goniometer. — I  have 

^^HclTeady  adverted  to  the  principal  methods  of  measuring  objects,  but 

^^^piave  not  discussed  the  mode  of  ascertaining  the  value  of  the  angles 

^^Bof  microscopic  crystals  in  the  microscope.     The  simplest  instrument 

^^f  for  this  purpose   is  one   which   was   arranged  many  years  ago  by 

Schmidt  and    known    as    Sehmidfs    goitiometer.      It   consists   of  a 

cobweb  stretched  acrgss  the  field  of  an  eye-piece,  and  capable  of 

being  moved  by  an  arm  which  passes  round  an  accurately  graduated 

Iaic.  The  cobweb  line  is  placed  patailel  to  one  face  of  the  crystal, 
tiie  circle  being  moved  round  until  the  bar  stands  at  zero.  The 
latter  is  then  made  to  rotate  until  the  cobweb  is  brought  parallel  with 
another  (ace.  The  number  of  degrees  through  which  the  bar  has 
passed  marks  the  angle  of  the  crystal.  It  is  absolutely  necessary 
that  in  taking  this  measurement  the  crystal  should  be  perfectly  flat, 
for  otherwise  a  false  angle  wiU  be  obtained,  pi.  XLII,  (igs.  269,  270, 
Dr,  Leeson  has  proposed  a  more  perfect  arrangement  for  measuring 
the  angles  of  small  crystals.     PI.  XLII,  fig.  268. 

I       Those  who  devote  themselves  to  mineralogical  or  crystal lographic 
jnvestigationa  recjuire  special  appliances  for  determining  the  optical 
properties  of  refracting  bodies  and  observing  the  process  of  crystal- 
lisation in  saline  solutions,  &c     Dr.  Lawrence  Smith,  of  Louisville, 
U.S.,  designed  an  instruraenl  specially  for  such  purposes,  which  he 
'Called  the  "In^'erted  Microscope"  {American  Journal  of  Science, 
second  series,  vol.  XIV,  1852).    The  object-glass  was  placed  below 
the  mica,  quartz,  or  glass  plate  that  carried  the  solution  to  be  cr)'s- 
lallised,  with  the  view  of  protecting  the  lenses  from  the  corrosive 
action  of  acid  vapours,  especially  that  of  hydro-fluoric  acid,  which 
also  interfere  with  the  definition  of  objects  under  examination.     This 
arrangement  was  improved  upon  and  more  fully  developed  in  its 
^^^    applications  by  Mr.    Highley,    who   described    the   "  Mineralogists 
^^^ 'Microscope,"  figured    in   pi.    XLIII,  in  the    Quarterly  Journal  of 
^^J 'Microscopical  Science,  vol.  IV,  p.  281.     It  may  thus  be  briefly  de- 
^^Krficribed  with  the  aid  of  the  figs.  271  and  272.     The  general  distri- 
^^B  bution  of  parts  is  shown  in  the  first   figure,  when  the  instrument  is 
^^J arranged  for  ordinary  microscopical  obscri-alions.     Fig.  273  displays 
^^B  the   same   in  section  arranged  for  optical    investigations,  and    for 
^^K^easuring  the  optic  axis  in  crystals. 
^^^k        On  a  central  pivot  screwed  into  a  solid  circular  base  rotates  a 
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plale  that  carries  the  body,  prism  box  P,  object-glass,  and  finenl 
justment  A  :  to  the  side  of  the  base  is  fixed  a  square  bar  G,  that 
carries  the  principal  stage  with  its  coarse  adjustment,  and  the  secon- 
dary stage  into  which  fits  the  diaphragm,  polarising  bundle  B,  selenite 
plates,  &c.  A  tube  screws  into  the  top  of  bar  G,  on  which  slides 
the  minor.  The  body  slides  into  a  socket  attached  to  the  prism  box. 
Within  the  draw  tube  are  fittings  to  receive  glass  tubes  for  examining 
with  a  Leeson's  goniometer  and  minute  stop,  ihe  amount  of  rotation 
in  liquids  that  exhibit  circular  polarisation. 

The  prism  P,  that  reflects  tlie  image  of  the  object  up  the  axis  of 
the  body  at  a  convenient  angle  for  observation,  is  contained  in  a 
solid  brass  box,  on  the  upper  surface  of  which  are  screwed  the  tubes 
and  fine  adjustment  A  that  carry  the  object-glass,  and  one  side  is 
removeable  to  allow  of  the  prism  being  readily  taken  out  and 
cleaned. 

A  semicircular  arm  works  up  and  down  the  upright  bar  G,  by 
means  of  a  rack  and  pinion  R,  and  sup'ports  the  circular  stage  S, 
which  for  ordinary  work  is  kept  in  a  horizontal  position  by  means 
of  the  clamp  nut  N.  The  stage  has  a  projecting  ring,  within  which 
a  graduated  plate  rotates  when  optical  examinations  have  to  be 
made:  but  which  is  ordinarily  fitted  with  a  plain  metal  plate  that 
rises  flush  with  the  top  of  the  axes  of  the  st;ige.  In  this  instrument 
the  object  has  to  be  placed  with  the  glass  cover  downwards. 

A  short  body  replaces  the  ordinary  one  for  optical  examinations  ; 
this  is  fitted  with  a  tourmaline  T,  and  a  cell  for  a  plate  of  calc  spar 
C,  when  the  instrument  is  to  be  used  as  a  modification  of  Professor 
KobcU's  stauroscope  for  determining  crystal  systems  ;  and  two  lenses 
L  L  with  3  Jackson's  micrometer  M,  when  the  instrument  is  required 
for  the  determination  of  the  optic  axis  on  the  principle  of  Soleil's 
instrument. 

For  such  investigations  consult  the  Mineralogical  Works  of 
Dufrenoy,  Delafosse,  Descloiieaux,  and  Grailich. 

At  the  present  date  Mr.  Highley  arranges  all  apparatus  required 
for  investigating  mineralogical  or  crystal lographic  optics,  including 
Norrembeig's  recent  system  of  lenses,  so  as  to  be  adaptable  to  most 
of  the  ordinary  forms  of  microscope,  and  prefers  using  a  cheap  form 
of  microscope  with  a  prism  having  a  single  reflecting  surface  instead 
of  two,  as  in  the  instrument  figured  in  pi.  XLIII,  for  observing  crys- 
tallisations or  corrosive  or  fuming  objects. 

HI.  Of  Prcpkrinc  Fomilla  ror  Hlrroacoplrjd  ExamlnMlao. — Dif- 
ferent methods  of  preparation  are  required  in  examining  the  various 
fossils.  Many  kinds  of  fossil  bone  and  some  forms  of  teeth  may  be 
prepared  according  to  the  directions  given  in  p.  8a.     In  cases  in 
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which  silica  is  present  the  section  must  be  made  as  described  in 
p.  179.  If  very  brittle,  one  surface  of  a  thick  section  may  be 
ground  and  polished.  This  is  then  lo  be  cemented  to  the  glass  sUdc 
with  Canada  balsam,  and  the  opposite  side  ground  until  sufficiently 
thin,  when  it  may  be  polished  in  the  usual  way,  wetted  with  balsam, 
and  covered  with  thin  glass. 

Thin  chips  of  flint  and  other  siliceous  structures  often  answer  as 
Weil  as  thin  sections  ground  and  polished  with  a  great  expenditure 
of  labour. 

The  structure  of  many  fossils,  the  mineral  matter  of  which  con- 
sists of  carbonates  or  phosphates,  may  be  investigated  after  the  salts 
have  been  dissolved  out,  or  only  softened  by  being  soaked  for  some 
time  in  hydrochloric  acid  diluted  with  water  w  mixed  with  glycerine. 
Dr,  Carpenter  gives  the  following  directions  for  demonstrating  the 
structure  of  Eozoon  Camadense  :  —  "  The  minute  structure  of 
Eozoon  may  be  deiermined  by  the  microscopic  examination  either 
of  thin  transparent  sections,  or  of  portions  which  have  been 
subjected  to  the  action  of  dilute  acids,  so  as  to  remove  the  cal- 
careous shell,  leaving  only  the  internal  casts,  or  models,  in  silex,  of 
the  chambers  and  other  cavities,  originally  occupied  by  the  sub- 
stance of  one  animal." 

1TX>  Of  Prepftrl>t(  ipcelmenti  of  Co>I  for  Mlcroiicaplua  Euunt. 
■atina. — Coal  is  one  of  the  most  difficult  substances  to  cut  into 
thin  sections.  It  is  so  opaque  that  no  structure  can  be  discerned 
unless  it  is  ground  exceedingly  thin,  and  so  brittle  that  it  often 
breaks  up  in  the  operation  of  grinding.  It  is  said  thai  coal  may  be 
softened  by  maceration  in  a  solution  of  carbonate  of  potash,  when 
sections  may  be  cut  with  a  razor.  The  sections  are  partially 
decolorised  by  being  gently  heated  for  a  short  time  in  strong  nitric 
acid.  When  of  a  brown  colour  they  are  to  be  washed  in  cold  water 
and  preserved  in  glycerine  (Micrographic  Dictionary).  Cannel  coal 
being  less  brittle  than  ordinary  coa!  is  more  easily  prepared. 


ABI.E — OF     MAKING  AND     RECORDING    OBStRVAl lONS- 
FALLACIES    TO   BE   GUARHED   AGAINST. 


H».  The  Work  Tablf. — Although  beautiful  *-ork  tables  furnished 
with  every  possible  requirement  have  been  designed  for  microscopists, 
I  think  the  student  will  find  that  an  ordinary  table  which  is  firm 
and  steady  is  all  that  he  really  requires.  It  should,  however,  be 
well  made  and  provided  with  a  few  drawers  in  which  the  student 
can    place    partitions   for  himself    and   arrange   according   to   his 
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instruments  and  apparatus.  Tho  microscope  should  be  always 
for  use  and  should  stand  on  the  table  covered  with  a  glass 
to  protect  it  from  the  dust.  This  is  far  more  convenient  than  th< 
plan  of  keeping  the  instrument  in  its  case,  and  going  through  the 
process  of  adapting  the  glasses,  &&,  and  then  removing  them  again, 
every  lime  the  instniment  is  required. 

The  object-glasses,  eye-pieces,  condensers,  and  other  apparatus 
may  be  placed  in  a  little  cupboard  provided  with  shelves  and  havi 
a  glass  door  with  lock  and  key. 

Knives  and  scissars  can  be  kept  in  a  shallow  box  having  a  gl 
cover.     Drawing  instruments  in  a  second,  thin  glass  and  glass  sli( 
with  watch  glasses,  or  little  saucers,  in  a  third.    These  should 
be  properly  partitioned  and  may  be  kept  on  the  table.     A  glas 
clean  water  should  always  stand  on  the  Lible,  and  pipettes,  stii 
rods  and  camel's  hair  brushes,  all  perfectly  clean,  should  be  pi 
vided.     The  injecting  apparatus  and    instruments  which  are    onlj? 
required  occasionally  may  be  kept  in  the  table  drawers.     A  portfolio 
or  pamphlet  boK  is  necessary  for  keeping  drawing  paper,  cardboard, 
tracing  and  retracing  paper,  scales  for  measuring,  &c.     All  things 
really  necessary  for  ordinary  microscopic  work  may  be  obtained  for 
two  or  three  pounds,  but  it  is  easy  of  course  to  spend  fifty  pounds 
or  more  upon  a  microscope  table  and  apparatus.     I  have  myself 
always  made  use  of  an  ordinary  good  strong  library  table  fitted  with 
drawers  underneath,  and  I  think  it  would  have  been  difficult  to  con- 
trive anything  upon  the  whole  more  convenient  or  better  adapted  for 
work.     The  microscope  stands  on  the  table  always  ready  for 
under   a    bell   jar,  and  the  lamp,  fig.    48,  pi.    XL,  with  scis 
knives,  needles,  and  other  tools  in  frequent  use  close  by. 

1^4.  pr  Keeplnc  Preparatleiu  In  ate  obinct,^ Preparations 
mounted  in  the  dry  way,  or  in  Canada  balsam,  may  be  kept  upright, 
arranged  in  grooves,  but  all  preparations  mounted  in  fluid  must  be 
allowed  to  lie  perfectly  flat,  otherwise  there  will  be  great  danger  of 
leakage.  Cabinets  holding  several  hundred  specimens  arranged  in 
this  mannner  may  now  be.  purchased  of  the  microscope  makers  for 
a  very  small  sum,  but  if  the  observer  is  only  provided  with  deep 
drawers,  they  may  be  made  available  for  the  purpose,  by  having  a 
number  of  shallow  trays  of  mill  board  made  to  fit  them  accurately. 
E^ch  preparation  should  be  named  as  soon  as  it  is  put  up,  and  it  is 
convenient  to  keep  a  number  of  small  gummed  labels  awa)^  at  hand 
for  this  purpose.  Once  or  twice  in  the  year  a  new  layer  of  Brunswick 
black  should  he  applied,  and  the  specimens  carefully  examined  to 
see  that  no  leakage  has  occurred.  The  cases  now  generally  sold 
are,  I  think,  preferable  to  cabinets,  and  of  the  cases  I  have  seen 
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flie  most  convenienl  are  those  suggested  by  Mr.  Piper,  and  sold 
by  Mr.  Highley,  Mr.  Collins,  and  others.  They  are  made  for  two 
three,  six,  and  twelve  dozen  specimens,  casting  respectively  2s.  til, 
3J.  6(i,  5*.  bd.,  and  loj.  Cases  made  of  deal  are  also  arranged  on 
the  same  plan. 

ns.  or  niMliIng  akucrmtlons  npan  Sperlmena  Ib  Ibc  Illera*Mip«. 

— If,  upon  examination,  a  specimen  does  not  appear  to  the  observer 

Llo  justify  the  description  or  delineation  which  some  observer  has 

■(iven  of  a  similar  structure,  he  must  not  too  hastily  infer  that  the 

tftuthor  has  been  recording  the  results  of  his  imagination  rather  than 

^observed  facts.     The  conclusions  which  hav«  been  arrived  at  art; 

robably  the  result  of  a  very  long  and  patient  investigation,  deduced 

Kftom  examining  specimens,  perhaps,  many  under  very  different  circum- 

Bttances,  after  the  application,  perhaps,  of  various  chemical  reagents, 

ftknd  after  ascertaining  the  effect  of  different  refractive  media.     From 

B&e  remarks  already  made,  some  idea  may  be  formed  of  the  many 

■different  operations  which  are  necessary  to  demonstrate  conclusively 

Rfte  anatomy  of  a  single  tissue.     The  observer  must  not,  therefore, 

■Iw  too  hasty  in  deciding  upon  the  nature  of  an  object  in  the  micro- 

Kope ;  neither  must  he  infer  tliat  what  he  has  not  been  able  to  sec 

Bi9oes  not  therefore  exist.       His  eye  and  mind  will  require  mucii 

|-careful  education  before  he  can  hope  to  be  able  Co  form  a  correct 

tpinion. 

Some,  however,  fall  into  an  error  of  another  kind,  but  not  less 
detrimental  to  forming  habits  of  correct  obsCTvation.  Led  away  by 
their  imagination,  they  think  they  see  everything  which  has  been 
delineated,  or  which  Ihey  have  heard  described ;  the  observations  of 
authors  appear  to  be  confirmed,  and,  in  expressions  closely 
resembling  the  original,  white  in  truth  their  own  assertions  are 
merely  reiterated  ia  favour  of  their  own  doctrines,  without  any  real 
confirmation  of  the  accuracy  of  their  views  being  advanced,  In 
this  manner  errors  have  been  confirmed  and  projjagated  to  an 
extent  almost  incredible,  and  it  may  require  years  of  laborious 
investigation  to  overthrow  statements  which  never  resulted  from 
actual  observation,  which  were  erroneous  from  the  first  and  ought  in 
feet  never  to  have  been  received.  Sometimes  a  mere  idea,  taking  for 
its  ingenuity  and  novelty,  but  having  no  foundation  in  fact,  is  seized 
upon  by  a  number  of  persons,  and  supported  by  so  many  assertions 
wrongly  called  observations,  that  it  is  soon  received  as  true,  and  is 
perhaps  believed  in  for  year^  until  at  last  some  one  reinvestigates 
the  whole  question,  and  at  length  demonstrates  the  absurdity  of  the 
doctrine. 

Of  the  Jmporlinte  of  Making  Sketches. — Of  the  great  importance 
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of  drawing  I  have  already  spoken.     Even  sketches  in  outline  aie^^l 
great  value  if  the  size  of  the  object  has  been  correctly  registered. 
Mere  plans  are  of  great  use  in  many  cases  and  supersede  the  neces- 
sity of  description.     This  subject  has,  however,  been  fully  considered 
already.     See  p.  i6  to  p.  35. 

316.  Of  Drafting  iDferencM  from  OiMcrrsUvii*. — No  one  en- 
gaged in  the  pursuit  of  any  branch  of  natural  science  is  more  tempted 
to  be  led  into  too  hasty  generalisation  than  the  microscopical 
observer.  It  is  his  duty,  therefore,  to  avoid  drawing  inferences  until 
he  has  accumulated  a  vast  number  of  facts  to  support  the  conclusions 
at  which  he  has  arrived.  True  generalisations  and  correct  inferences 
promote  the  rapid  advancement  of  scientific  knowledge,  for  each  new 
inference  may  form  the  starting  point  of  a  fresh  line  of  invesligarion  ; 
but  on  the  other  hand,  every  false  statement,  regarded  as  an  observed 
fact,  forms  a  terrible  barrier  to  onward  progress,  since,  before  the 
slightest  usefal  advance  can  be  made  it  is  necessary  Ic  retrace  our 
steps,  it  may  be  for  a  long  way,  before  we  can  hope  to  recommeilce 
our  onward  course.  Again,  a  much  greater  amount  of  evidence  is 
always  required  to  overthrow  a  false  conclusion  than  is  sufficient  to 
projiagate  the  original  mistake  ;  and  there  can  be  no  task  more  un- 
satisfactory than  that  of  being  called  upon  to  controvert  the  opinions 
and  deductions  of  othere. 

In  this  sort  of  enquiry  I  think  it  is  3  good  plan  twt  to  make  too 
minute  notes  during  the  progress  of  an  investigation,  but  to  retain,  as 
far  as  may  be,  the  facts  observed  in  the  memory.  When  the  whole 
matter  is  made  out,  but  not  before,  we  may  begin  writing  and  record- 
ing the  observations.  Otherwise,  in»perfectly  observed  facts  are  liable 
to  be  set  down  as  actual  facts,  and  afterwards  argued  upon  as  if  they 
were  truths.  Thus  the  observer  mny  gradually  be  led  more  and  more 
astray,  until  he  ends  by  adopting  a  conclusion  totally  at  variance  with 
the  real  truth. 

Scientific  enquiry  ought  continually  to  advance,  and  we  should  be 
able  to  extend  our  researches  from  the  point  where  they  have  been 
left  by  our  predecessors,  adding  succsssively  to  what  they  have  dis- 
covered ;  but  the  observations  which  wt  owe  to  them  should  require 
little  correction.  In  not  a  few  instances  must  we  feel  the  highest 
respect  for  the  careful  observations  of  the  older  observers,  and  I  fear 
it  must  be  reluctantly  confessed,  that  many  of  our  modern  researches 
are  not  carried  out  with  the  same  patience,  painstaking  industry,  and 
conscientious  tare  as  theirs  have  been,  and  for  this  reason  are  likely 
to  be  but  short  lived.  Many  recent  observations  urged  with  great 
vehemence  and  purporting  to  depend  upon  actual  demonstration, 
have  been  set  aside  for  others  still  more  recent  and,  if  possible,  more 
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erroneous.    This  son  of  false  obsen-ation  has,  as  would  be  supposed, 

created  in  some  minds  complete  scepticism  of  all  observation,  and 

has    deplorably  retarded   true   progress.       It   is   quite   curious    to 

notice  how  some  writers  condemn  theory  and  commend  what  they 

term  the  observation  of  facts,  as  if  it  had  been  incontestably  shown 

that  results  arrived  at  from  speculation  must  be  invariably  false,  and 

those  from  observation  as  invariably  true.      Any  one  who  has  had 

ixperience  in  microscopical  enquiry  knows  how  difficult  it  is  to  prove 

what  he  sees  is  really  the  thing  as  it  actually  is  in  nature,  and  not 

ft  mere  fanciful  interpretation  of  his  own,    Many  indeed  have  been 

I'tiie  errors  introduced  by  speculative  thinkeis,  but  I  doubt  if  more 

I  errors  are  not  in  these  days  advanced  by  the  self-styled  practical 

1  observers,  than  by  those  whom  the  latter  are  ever  ready 'to  condemn 

I  BS  mere  theoretical  dreamers.    A  man  says  he  has  seen  such  and  such 

J  B  thing,  and  gives   drawings   of  the  thing  seen.     He    explains  to 

[■ftiends  what  he  has  seen,  shows  them  the  object  in  question,  tells 

1  what  they  are  to  see,  and  they,  knowing  nothing  about  seeing, 

I  tut  not  liking  to  offend  their  friend,  or  being  too  la/y  to  trouble  them- 

■  ■elves  about  the  matter,  say  they  see  the  thing  as  they  have  been  told 

|at  is  to  be  seen.    Such  is  the  evidence  which  when  duly  chronicled  and 

^nted  seems  to  amount  almost  to  actual  proof — and  yet  so  many, 

my  times  has  this  process  been  repeated  in  the  case  of  almost  every 

doubtful  anatomical  point  as  to  justify  the  conclusion  that  the  process 

of  observing  facts  is  as  unsatisfactory  and  as  fallacious  as  the  process 

of  imagining  and  speculating  without  observing  at  all.     At  this  time 

»-what  a  mass  of  thoroughly  conflicting  evidence  is  advanced  on 
.almost  every  question  !  Three  or  four  views  are  taught  concerning 
first  principles  of  anatomical  and  physiological  science,  each  one 
being  quite  incompatible  with  the  rest,  but  nevertheless,  supported 
by  an  immense  amount  of  what  purports  to  be  evidence  based  upon 
observation.    It  is  obvious  in  such  a  case  that  many  of  the  statements 

I  must  be  false,  and  many  of  the  facts  advanced  must  be  errors  ;  and 
ket  with  what  pertinacity  are  they  maintained,  and  what  an  amount 
rfwork  must  be  done,  and  what  a  length  of  time  must  elapse  before 
Hie  false  facts  can  be  demonstrated  to  be  really  false  and  the  true 
Ifacts  proved  to  be  really  true  ! 
\  Years  must  be  passed  in  patient  investigation  before  a  man  can 
expect  to  be  able  to  trust  himself  as  an  observer  of  facts,  and  it  is 
only  by  careful  and  unremitting  exercise  that  he  wilt  gradually  acquire 
habits  of  attentive  observation  and  the  power  of  thoughtful  discrimi- 
nation which  can  alone  render  his  conclusions  reliable.  Indeed, 
though  he  labour  hard  and  earnestly,  he  will  scarcely  have  properly 
educated  himself  ere  hb  powers  begin  to  decay  and  he  become  liable 
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to  err  from  the  natural  deteri oration  in  structure  of  the  orgai 
which  the  observation  of  his  facts  entirely  depends, 

111.  or  Recording  the   Kciolt  of  MIcrtHCOplcml   ObacrrMtoi 

Taking  notes  of  microscopical  observations  is  a  subji 
importance.  The  observer  must  endeavour  to  acquire  the  habit  of 
describing  in  words  the  appearance  of  objects  under  the  microscope. 
This  is  probably  not  so  easy  as  would  at  first  be  supposed,  although 
undoubtedly  many  persons  are  able  to  describe  what  they  see  much 
more  correctly,  and  with  greater  facility,  than  others.  Accuracy  in  de- 
scribing microscopical  specimens  can  only  be  acquired  by  practice, 
and  I  think  it  a  most  excellent  rule  al  first,  for  a  student  to  take  notes 
of  the  appearances  of  every  object  submitted  to  examination.  The 
lime  is  well  spent,  and  much  of  what  is  so  described  is  retained  in  the 
memory.  The  notes  should  be  short,  and  should  consist  of  a  simple 
statement  of  points  which  have  been  observed.  Infennas  should  be 
carefully  avoided,  and  nothing  should  be  stated  without  the  observer 
being  thoroughly  satisfied  of  its  accuracy.  If  he  is  not  quite  certain 
of  any  observation,  he  should  express  his  doubts,  or  place  a  note  of 
interrogation  afier  the  statement.  The  use  of  indefinite  terms  should 
be  avoided  as  much  as  possible,  and  whenever  any  particular  word  is 
used,  a  definite  meaning  should  be  attached  to  it  Much  confusion 
has  arisen  from  the  use  of  terms  which  have  not  been  well  defined. 
Thus  the  word  "granule"  is  applied  by  many  authors  to  a  minute 
particle  which  appears  as  a  small  speck  even  when  examined  by  the 
highest  powers,  as  well  as  to  a  small  body  with  a  perfectly  clear  centre, 
and  with  a  well-defined  shaq^  outline,  which  would  be  more  correctly 
termed  a  small  "f/i'<*«/A"  So,  again,  the  term  "molecule"  has  been 
employed  in  some  cases  synonymously  with  ''granule"  but  it  would 
obviously  be  wrong  to  speak  of  a  small  globule  as  a  molecule.  It 
seems  to  me  very  desirable  to  restrict  the  terms  "granule"  and 
'■  molecule  "  to  minute  particles  of  matter  which  exht"bil  no  distinii 
form  when  examined  by  the  highest  powers  at  our  disposal,  and 
and  the  term  "  globule  "  to  circular  or  oval  bodies  of  all  sizes  which 
have  a  dear  centre  with  a  well-iiefined  dark  aulline.  Other  examples 
of  the  use  of  insufficiently  defined  terms  might  be  pointed  out  If 
an  observer  makes  use  of  a  term  which  is  generally  emiiloyed  without 
any  definite  meaning  being  attached  to  it,  he  should  describe  ai 
length  the  meaning  which  he  assigns  to  it,  and  should,  of  course,  use 
it  only  in  this  one  sense. 

Exadness  of  Deseripiion  should  always  be  aimed  at,  and  we  must 
remember  that  with  a  little  trouble  this  exactness  may  be  obt^ned 
with  the  use  ofa  small  number  of  words.  That  appearance  of  precision 
which  is  often  aimed  at  by  those  who  give  long  useless  descriptions 
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f  cannot  be  too  much  condemned.     So,  also,  the  practice  of  some,  of 

I  describing  every  object  in  the  field  of  the  microscope  without  the 

smallest  knowledge  of  any  one  of  them,  has  been  the  cause  of  much 

L  ridicule,  and  has    brought  microscopic  obseiration  into    great  dis- 

ttepute.     Some  have  thought  to  gain   the  credit  of  being  accurate 

J  observers,  by  carefully  measuring  every  object  they  see  in    every 

diameter,  and  putting  down  in  numbers  the  results  of  this  useless 

ceremony. 

Such  reports  show  that  the  author  is  thinking  more  of  himself 
than  his  subject.  He  desires  to  acquire  a  character  for  extreme 
I  minuteness  of  observation,  instead  of  striving  to  advance  the  real 
I  interests  of  the  science  which  he  professes  to  serve — and  instead  of 
'  endeavouring  to  excite  in  the  mind  of  the  reader  a  desire  for  more 
I  extended  knowledge,  and  a  wish  to  take  part  in  a  similar  invesliga- 
I  tion,  he  perpetually  gives  undue  prominence  to  himself  He  who 
I  feels  a  real  love  for  his  subject,  will  try  all  he  can  to  enlist  others  in  the 
r  same  cause  ;  he  will  try  to  remove  all  difficulties  of  investigation,  and 
I  endeavour  to  express  what  he  himself  has  learnl,  in  language  which 
I  shall  be  intelligible  to  all.  A  certain  mysterious  air  pervading  the 
[■  description  of  an  observation, — an  evident  desire  to  coin  new  words, 
[  and  exaggerated  statements  of  the  importance  of  the  facts  observed, 
f  are  quite  misplaced  where  all  should  be  clear,  simple,  and  intelligible 
I  to  every  one — and  too  often  show  indiiference  to  the  subject  on  the 
part  of  the  author,  and  a  want  of  consideration  towards  unlearned 
readers.  Nothing,  I  believe,  has  been  productive  of  more  pain 
I  and  sorrow  to  earnest  men  who  have  devoted  their  lives  to  the  prose- 
cution of  different  branches  of  natural  science,  or  has  more  retarded 
the  real  progress  of  scientific  enquiry,  than  that  affectation  of  pre- 
[  cision,  and  minute  verbose  and  pompous  style  of  description,  which 
f  has  been  fashionable  among  some  microscopists,  and  which  pervades 
*  the  writings  of  several  authorities  in  this  imperfectly  develojied  branch 
of  investigation  in  the  present  day.  All  this  is  mere  pretence,  and 
not  real,  earnest,  useful  worb^distasteful  to  every  scientific  man  and 
discouraging  to  every  student.     An  extreme  minuteness  in  descrip- 

Ition  is  by  no  means  a  proof  of  accuracy  of  observation,     In  this 
manner  science  has  become  encumbered  with  unnecessary  words,  and 
earnest  men  have  been  intimidated  from  prosecuting  it. 
havi 
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Many  mistakes  have  arisen  in  consequence  of  sufficient  care  not 
I  having  been  taken  to  prevent  the  introduction  of  various  substances 
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by  accident     The  mosl  scrupulous  care  must  always  be  observed 
microscopical  examination,  and  any  foreign  particles  which  may  have 
accidentally  come  into  contact  with  the  preparation  must  be  removed 
before  it  is  mounted.     The  proceeding  to  be  followed  to  remove  ifae 
foreign  matter,  will  depend  nnuch  upon  its  nature.     Mere  dus 
with  a  earners  hair  brush,  washing  in  a  stream  of  water,  or  pickii 
out  the  object  with  needles,  are  simple  plans  which  are  often  efBcii 
in  a  general  way,  but  in  some  cases  other  procesnes  are  required. 

MB.  Errors  Df  oii»er*«tn>ii.— The  Important  thing  is  to 
making  erroneous  observations.  One  is  liable,  not  only  to 
false  conclusions  from  observations,  but  tlie  observations  themselves 
are  frequently  erroneous.  I  propose  therefore,  to  direct  the  student's 
atlention  to  a  few  of  what  appear  to  me  frequent  sources  of  difficulty 
and  doubt  even  to  the  most  esperienced. 

Of  the  Commenccmail  anil  Termination  of  Tuba, — The  modes 
commencement  or  termination  of  certain  vesfiels  or  tubes  have  I< 
been  sources  of  dispute  among  observers.  There  are  not  a  ferv 
instances  where  positive  statements  have  been  made  that  certain 
tubes  commenced  by  ccecal  or  blind  extremities  ;  while  contradictions 
equally  positive  have  been  advanced  by  others,  who  Iiave  affirmed 
that  the  very  same  tubes  commenced  as  a  network,  and  presented  no 
blind  extremities  whatever,  It  would  be  supposed  by  many  that  this 
point  might  be  determined  beyond  all  doubt  by  injecting  the  ttibes 
with  some  coloured  material.  But  this  is  not  so.  Injection  will 
frequently  run  up  to  a  particular  point  in  the  minute  vessels,  while 
no  force  which  could  be  employed  could  drive  it  further  onwards. 
Here,  therefore,  it  accumulates,  and  often  to  a  very  considerable 
extent ;  the  portion  of  the  tube  above  the  constriction  being  con- 
siderably dilated  by  the  pressure.  Under  these  circumstances  it 
be  impossible  to  trace  the  further  continuity  of  the  vessel,  owing  ti 
extreme  transparency  and  delicate  nature  of  the  tissue  of  which 
walls  are  composed.  Indeed,  these  may  be  quite  invisible 
unprepared  specimen.  The  observer  is  thus  led  into  the  e 
supposing  that  such  tubes  terminate  in  blind  extremities,  when 
they  may  really  form  a  network  with  large  meshes,  or  they  may  be  ci 
tinuous  with  other  structures  beyond.  In  fact  that  which  was  taken 
,  for  the  termination  or  commencement  of  the  tube  may  really  be  nothing 
more  than  a  bulging  in  a  central  part  of  its  course.  In  many  thin 
sections  of  the  kidney  an  appearance  as  if  the  tubes  terminated  in 
free  blind  extremities  is  produced  in  consequence  of  the  convolutions 
lying  in  such  a  position  that  the  recurved  portion  is  immediately 
beneath  the  most  superficial  pan  of  the  tube.  From  a  mere  examina^ 
tion  of  the  specimen  it  would  be  impossible  for  any  one  to 
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ihiswas  not  the  case.  In  such  instances  the  real  disposition  of  the 
pans  is  only  to  be  made  out  by  a  careful  examination  of  the  stnitture 
under  different  circumstances  and  prepared  in  various  ways.  Thus 
the  idea  that  the  tubes  end  by  blind  extremities  may  be  shown  to  be 
quite  inconsistent  with  the  appearances  observed  in  some  particuUir 
mode  of  examining  the  texttire.  1  am  unable,  however,  to  devote 
much  space  to  the  consideration  of  this  part  of  my  subject,  or  I  might 
review  the  various  methods  in  which  a  tissue  is  examined,  and 
show  how  by  a  consicletation  and  comparison  of  the  different  facts 
observed,  one  is  eiubled  at  length  to  embody  the  results  arrived  at 
in  several  different  enquiries,  and  form  an  idea  of  the  real  structure 
of  the  part 

On  ih(  Difficulty  of  Seeing  Stntctures  from  their  Ttaiisparmcy. — 
Another  fallacy  arises  from  the  great  transparency  of  certain  structures. 
Oftentimes  a  membiane  may  appear  perfectly  clear  and  transparent 
when  in  reality  it  is  covered  with  a  delicate  layer  of  epithelium,  which 
only  becomes  visible  by  being  immersed  in  some  special  fluid  or 
treated  with  some  particular  chemical  reagent.     On  the  other  hand, 
there  are  instances  in  which  an  appearance  resembling  that  produced 
by  the  presence  of  a  cellular  investment  is  perceived  where  no  cells 
'Whatever  exist.    A  peculiar  corrugated  state  of  unitijected  capillaries, 
id  the  nuclei  in  the  walls  of  the  capillary  vessels  themselves,  some- 
give  rise  to  these  mistakes.  Jiasemml  membrane,  from  its  extreme 
Iclicacy  and  transparency,  is  often  only  recognised  by  the  folds  into 
■^riiich  it  is  thrown,  or  by  the  d^ris  and  granular  matter  which  is 
^accidentally  adherent  to  it.     Sometimes  it   becomes  visible  when 
.mersed  in  a  slightly  coloured  solution,  instead  of  in  perfectly  pure 
Not  only  may  blood  and  lymphatic  vessels  be  completely 
issed  over  from  their  transparency,  but  I  could  adduce  instances 
which  broad  bands  of  connective  tissue  and  bundles   of  nerve 
ibres  existed  in  a  specimen  ih  great  numbers  although  Ihey  could 
not   be   seen   when    the   ordinary  methods  of  demonstration  were 
employed. 

Fibres  and  Membranes  Proditeed  by  the  Action  of  Reagents  artt- 
fieiiUly. — On  the  other  hand,  by  the  action  of  re£^ents  a  librous 
appearance  is  sometimes  produced  which,  without  care,  may  be  mis- 
taken for  actual  structure. 

The  addition  of  acetic  acid  to  many  preparations  frequently  pro- 
duces a  swelling  of  the  tissue,  with  the  elevation  of  a  clear  mem- 
brane-like structure,  which  might  be  termed  basement  membrane,  but 
which  lias  really  been  formed  in  this  manner.     Thus  the  outer  uncal- 

Kcd  portion  of  the  cells  of  the  enamel  of  a  young  tooth,  may  be 
de  to  swell  up  into  a  transparent  mass,  which  has  been  mistaken, 



194 


HOW    TO   WORK 


va,  whifij^^ 


I  think,  by  Professor  Huxley  for  a  merubrana  preform  a  Uva,  % 
does  not  exist  in  this  situation. 

A  Fibrous  Appearance  Produced  in  Structureless  Membra 
Clear,  transparent,  and  apparently  ilructureless  membranes,  i 
pressed,  torn,  and  twisted,  have  a  fibrous  appearance ;  and  delicate 
vessels,  whose  coats  are  perfectly  transparent  when  pressed  and  col- 
lapsed, may  be  very  easily  mistaken  for  a  torm  of  fibrous  tissue^  Both 
capillaries  and  fine  nerve  fibres  may  be  mistaken  for  fibres  of  elastic 
tissue.  Indeed,  capillaries  iminjected  and  stretched,  can  only  be  dis- 
tinguished from  fine  nerve  fibres  with  the  utmost  difficulty.  If  any 
doubt  exist  in  such  a  case,  it  may  always  be  cleared  up  by  injecting 
the  capillaries  of  the  part  with  a  clear  transparent  material,  like  plain 
size,  or  the  transparent  injecting  fluids,  recommended  in  pp.  93,  94 
95,  when,  if  the  fibrous  appearance  is  not  real  it  will  be  lost;  while 
if  fibres  really  existed,  ihey  would  still  be  visible.  The  presence  of 
capillary  vessels  in  a  structure  has  been  entirely  overlooked  in  coDse* 
quence  of  their  being  collapsed  and  shrunken,  in  which  state  they 
have  been  regarded  as  elements  of  the  connective  tissue. 

Colketian  of  Oil  Globules  Appearing  as  if  within  a  Cell. — Oil 
globules  in  fluid  not  uncommonly  form  small  and  nearly  spherical 
masses  or  collections,  which  become  covered  with  a  certain  quantity 
of  mucus  or  viscid  matter  and  granules,  originally  contained  in  the 
fluid,  so  that  the  little  intervals  between  the  minute  oil  globules  become 
filled  up.  The  outline  of  the  mass  is  perfectly  clear,  and  sharp,  and 
well  defined,  and  from  mere  ocular  examination  it  would  be  impos- 
sible to  say  that  the  oil  globules  were  not  enclosed  in  a  cell  wall, 
A  consideration  of  the  circumstances  under  which  such  structures 
have  been  met  with,  will  often  assist  us  materially  in  determining 
their  real  nature.  Such  "  cells  "  may  be  prepared  artificially  without 
the  least  difficulty,  and  in  some  cases  it  would  not  be  possible  to  dis- 
tinguish the  artificially  formed  cell  from  the  namral  cell  by  micro- 
scopical examination  in  water;  and  the  process  of  tinting,  p,  107, 
would  only  help  us  when  the  natural  cells  were  quite  fresh.  It 
need  scarcely  be  said,  however,  that  with  respect  to  the  formation  of 
these  bodies  there  is  no  analogy  whatever.  Of  the  artificial  cell  the 
most  external  part  was  last  formed.  It  was  deposited  around  a  col- 
lection of  particles.  But  in  the  natur.il  cell  the  outer  part  is  tlie 
oldest  part.  It  was  produced  before  the  matter  in  the  central  pan  of 
the  cell  was  formed.  Probably  the  only  observer  who  still  mainiains 
that  living  cells  are  formed  by  the  aggregation  of  granules,  is  Dr.  Hughes 
Bennett,  of  Edinburgh,  who  also  thinks  thai  a  bacterium  is  formed  by 
the  coalescence  of  already  existing  particles.  Dr.  Bennett  admits, 
however,  that  such  simple  organisms  multiply  by  division,  and  thus 
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affirms  the  doctrine  that  living  things  may  be  produced  by  the 
coalescence  of  separate  lifeless  particles,  and  increase  and  multiply 
by  the  division  of  the  resulting  mass.  It  need,  however,  scarcely 
be  stated  that  facts  now  known  render  such  a  notion  untenable.  See 
a  controversy  upon  this  subject  in  the  British  Medical  Journal, 
January,  February,,  March,  1864. 

On  the  Accidental  Presence  of  Extraneous  Mcttters. — Cleanliness  is 
of  the  utmost  importance  in  every  branch  of  microscopical  enquiry 
and  without  great  care  many  substances  of  extraneous  origin  may  be 
introduced  into  the  specimen  about  to  be  examined,  and  the  observer 
may  mistake  the  character  of  the  objects  introduced  accidentally  for 
those  of  the  special  objects,  under  examination.  Particles  of  starch 
or  other  solid  bodies  may  gain  entrance  into  a  tissue  submitted  to 
examination,  and  the  observer  may  be  led  to  conclude  that  these 
bodies  were  embedded  in  the  substance  of  the  texture, 

WTien  we  consider  how  minute  many  of  the  structures  rendered 
evident  to  the  eye  by  the  microscope  are,  we  shall  scarcely  wonder 
that  many  light  substances  are  liable  to  come,  in  contact  with  the 
specimen  which  is  under  examination.  The  cotton  or  flax  fibres 
from  the  cloth^  starch  globules  which  adhere  to  the  thin  glass  (for 
the  small  pieces  are  often  kept  in  starch),  portions  of  feathers, 
various  kinds  of  hair  and  oil  globules  are  among  the  substances 
which  are  most  frequently  met  with  in  examining  different  structures, 
and  I  need  hardly  say  that  their  presence  is  purely  accidental. 
That  I  am  not  giving  needless  caution  upon  this  head,  is  shown 
by  the  fact  that  in  a  well-known  and  highly  valuable  publica- 
tion, a  drawing  of  what  is  evidently  a  portion  of  feather  is  described 
as  a  representation  of  lymphatic  vessels, — vegetable  hairs  are 
described  as  nerve  fibres,  and  several  other  errors  equally  unpardon- 
able occur.  Now,  such  mistakes  could  only  arise  from  utter 
ignorance  of  the  characters  of  some  of  the  commonest  objects  with 
which  every  observer  ought  to  be  very  familiar.  I  would  very 
strongly  recommend  every  one  to  study  the  characters  of  all  these 
substances  before  he  attempts  to  make  any  original  observations. 
He  is  sure  to  meet  with  them  from  time  to  time,  and  the  sooner  he 
is  well  acquainted  with  their  characters  the  better. 

The  following  should  be  very  carefully  examined  :  — 

Oil  globules,  milk,  pi.  XIX,  figs.  124,  126. 

Potato,  wheat,  and  rice,  starch;  and  bread  crumbs,  pi.  XXXVIII, 

figs.  241,  241*,  and  pi.  XLIV,  fig.  275^. 
Portions  of  feather;  worsted,  pi.  XLIV,  fig.  275. 
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Fibres  of  flax ;  cotton ;  and  silk  of  different  colours,  pi.  XLI V, 

fig.  275. 

Human  hair,  cat's  hair,  hair  from  blankets,  fig.  275. 

The  scales  of  butterflies  and  moths,  particularly  those  of  the 
common  clothes  moth,  pi.  XLIV,  figs.  273,  274. 

Fibres  of  wood  swept  from  the  floor,  fig.  276,  fragments  of  tea- 
leaves,  hairs  from  plants,  vegetable  cellular  tissue,  and  spiral 
vessels,  pi.  XXXVIII,  fig.  242. 

Particles  of  sand. 

Many  of  these  extraneous  substances  are  figured  in  the  plates 
indicated,  and  I  beg  the  student  will  not  only  carefully  examine  the 
drawings,  but  place  actual  specimens  of  all  objects  delineated  under 
his  own  tnicroscope. 

In  the  examination  of  deposits  from  fluid  we  must  bear  in  mind 

the  possibility  of  the  introduction  of  a  small  quantity  of  one  deposit 

into  another  by  the  pipette  used  for  examination,  and  in  this  simple 

manner  much  difficulty  and  confusion  may  be  caused  to  the  micro- 

scopist     The  pipette  should  therefore  be  well  washed  immediately 

after  it  has  been  used,  and  the  water  in  which  it  is  washed  should  be 

very  frequently  changed.     In  taking  fluids  from  different  bottles  and 

other  vessels  the  possibility  of  introducing  various  substances  must 
be  bome  in  mind 
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PART  IIL 

OF  CHEMKAL  ANALYSIS  APPLIED  TO  MICROSCOPICAL  INVESTIGATION 
— OF  OBTAINING  CRYSTALLINE  SUBSTANCES — OF  SPECTRUM 
MICROSCOPIC  ANALYSIS. 

OF  THE    ADVANTAGES    OF    CHEMICAL    REAGENTS    IN   MICROSCOPICAL 

INVESTIGATION. 

S99.  Of  Chemlcml  Analysli  in  Mleroscoplcml  Inreatlsatloii. — I 

have  already  referred  to  the  influence  which  the  refractive  power  of 
the  medium  in  which  any  structure  is  immersed  exerts  upon  its 
appearance  in  the  microscope.  We  have  now  to  discuss  the 
advantages  derived  from  the  chemical  action  of  certain  solutions 
upon  various  specimens.  This  part  of  the  subject  is  most  important, 
and  it  is  perhaps  of  all  the  various  branches  of  microscopical 
research,  that  from  which  the  greatest  advantages  may  be  expected 
to  result  It  is  an  investigation  which  will  certainly  reward  all  who 
earnestly  devote  themselves  to  its  study.  It  is  certain  that  great 
changes  will  take  place  in  our  views  of  the  nature  of  many  minute 
structures  when  chemical  analysis  shall  be  more  intimately  associated 
with  microscopical  enquiry. 

Although  by  the  microscope  we  can  say  that  such  a  texture  is 
granular,  fibrous,  opaque,  perfectly  clear,  &c.,  we  learn  in  such  an 
examination  nothing  more  of  its  nature.  Since  these  appearances 
are  manifested  by  several  different  materials,  it  is  necessary  to  resort 
to  a  chemical  examination  to  discover  the  nature  of  the  substance 
to  which  the  microscopical  characters  are  due.  If  the  composition 
of  any  body  having  well-defined  microscopical  characters  has  been 
once  made  out,  by  resorting  simply  to  microscopical  examination, 
we  are  enabled  to  recognise  it  whenever  we  meet  with  it  afterwards. 

Some  bodies  always  produce  well-recognised  crystals  when  treated 
with  a  certain  chemical  reagent,  and  we  know  that  although  there 
may  be  in  nature  other  crystals  of  a  different  composition,  but  of 
precisely  the  same  form,  these  latter  could  not  be  produced  under 
the  same  circumstances  as  the  former;  hence  in  such  a  case  we  may 
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feel  as  confident  of  the  nature  of  the  substance  as  if  an  ultimate 
analysis  were  made  of  it 

Besides  the  ordinary  uses  to  which  they  are  applied,  chemical 
reagents  are  useful  in  removing  certain  components  of  a  structure 
which  interfere  with  the  demonstration  of  other  constituents,  in  alter- 
ing the  character  of  certain  tissues  without  dissolving  them,  as  for 
instance  by  increasing  their  transparency  or  opacity,  or  in  modifying 
the  physical  structure  of  textures  in  such  a  manner  as  to  render  it 
more  convenient  to  cut  sections  or  to  perform  other  chemical  opera- 
tions necessary  for  the  demonstration  of  their  structure. 

By  an  acquaintance  with  the  behaviour  of  certain  substances  with 
particular  chemical  reagents,  and  the  application  of  this  knowledge  to 
microscopical  investigation,  we  are  often  enabled  to  distinguish  pecu- 
liarities of  structure,  to  ascertain  the  chemical  composition  of  minute 
quantities  of  matter,  and  to  demonstrate  clearly  the  existence  of  com- 
pounds with  the  greatest  certainty,  which  would  entirely  escape  our 
observation  if  we  subjected  them  separately  to  the  most  careful 
chemical  analysis,  or  to  the  most  searching  microscopical  exami- 
nation. 

The  application  of  chemical  analysis  to  microscopical  investiga- 
tion, and  the  examination  of  crystalline  forms  in  the  microscope,  has 
thrown  a  new  light  upon  the  nature  of  many  physiological  changes 
which  are  constantly  taking  place  in  living  bodies  in  health,  and  has 
enabled  us  to  investigate  more  satisfactorily  the  modifications  which 
these  processes  undergo  when  influenced  by  circumstances  interfering 
with  or  counteracting  healthy  actions. 

S89.  Instances  of  the  Use  of  Reagents. — As  an  instance  of  the 
great  advantage  of  the  application  of  a  few  simple  tests  to  microsco- 
pical investigation,  I  may  refer  to  the  different  effects  of  ether  upon 
fat  globules  (which  are  so  commonly  found  in  different  tissues)  and 
crystalline  bodies  composed  of  phosphate  or  carbonate  of  lime,  which 
sometimes  resemble  them  so  nearly  in  refractive  properties,  in  form, 
and  in  general  appearance,  as  to  have  led  to  mistakes  with  reference 
to  their  nature.  The  application  of  a  drop  of  ether  has  no  effect 
whatever  upon  the  latter,  but  instantly  dissolves  the  former.  Phos- 
phate of  lime  is  readily  soluble  in  dilute  acids,  while  fat  is  not 
acted  upon  by  these  reagents.  Various  insoluble  saline  materials  not 
unfrequently  prevent  us  from  seeing  the  anatomical  elements  of 
which  a  tissue  is  composed.  A  knowledge  of  the  nature  of  these 
often  enables  us  very  easily  to  remove  them.  Suppose  for  instance, 
the  saline  matter  consists  of  carbonates  or  phosphates  of  lime  or 
magnesia,  we  have  only  to  add  a  drop  of  dilute  acid  which  dissolves 
hem  completely. 
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The  action  of  acids  and  alkalies  is  often  very  valuable  in  render- 
ing structures  transparent,  which  are  too  opaque  for  examination  in 
the  ordinary  state.  If  a  portion  of  tendon,  composed  of  white  fibrous 
tissue,  pi.  XXVI,  fig.  169,  which  is  very  opaque  in  its  ordinary  state, 
be  immersed  in  acetic  acid,  or  in  a  dilute  solution  of  potash  or  soda, 
it  soon  becomes  clear  and  transparent,  and  if  the  operation  be 
conducted  with  certain  precautions,  many  of  its  original  characters 
may  be  brought  back  by  subsequently  neutralising  the  acid  or 
alkali 

The  cell  wall,  or  rather  the  outer  part  of  the  cell,  which  is  in 
many  cases  too  opaque  to  enable  us  to  see  the  nucleus  in  the  interior* 
may  be  made  by  reagents  perfectly  transparent  so  that  the  nucleus 
becomes  distinct  and  well  defined.  This  change  may  be  easily  eflfected 
by  either  of  the  reagents  alluded  to  in  the  last  paragraph.  Albu- 
minous textures  generally  may  often  be  rendered  very  transparent  by 
the  action  of  acetic  acid,  or  by  the  addition  of  a  drop  of  dilute 
caustic  potash  or  soda. 

281.  Prellmliiary  Operations. — In  the  first  place  we  should  note 
carefully  the  general  characters  which  the  substance  exhibits;  its 
form,  colour,  size,  weight,  hardness,  &c. ;  and  fluidity,  transparency, 
tenacity,  &c,  in  the  case  of  liquids.  Portions  of  solid  textures  and 
the  deposit  from  fluids  must  be  subjected  to  microscopical  examina- 
tion, but  their  reaction  should  be  always  ascertained  in  the  first 
instance. 

282.  Reaction. — The  reaction  of  any  moist  substance  is  found 
out  by  testing  it  with  a  piece  of  blue,  and  reddened,  litmus  paper. 
If  the  matter  be  dry,  or  the  reaction  of  a  vapour  is  to  be  tested,  the 
paper  must  be  first  moistened  with  a  drop  of  distilled  water.  The 
blue  litmus  paper  is  reddened  by  <uids^  and  the  red  paper  is  turned  blue 
by  alkalies.  The  reddened  litmus  paper  is  prepared  by  adding  a 
very  small  quantity  of  acetic  acid  to  the  infusion  of  litmus  into  which 
it  is  to  be  dipped. 

If  an  acid  reaction  is  due  to  the  presence  of  carbonic  acid,  the 
blue  colour  will  be  restored  upon  gently  warming  the  paper  upon  a 
glass  slide  over  a  lamp,  or  upon  a  warm  plate. 

An  alkaline  reaction  may  depend  upon  the  presence  of  volcdik  or 
fixed  alkali.  The  red  colour  is  restored  upon  warming  the  paper 
which  has  been  rendered  blue  by  the  presence  of  volatile  alkali 
(ammonia  or  carbonate  of  ammonia),  while  it  is  not  restored  if  the 
change  is  produced  by  the  presence  of  a  fixed  alkali  (potash,  soda 
or  their  carbonates,  or  an  alkaline  phosphate,  &c.).  . 

The  reaction   of  some  objects  under  the  microscope  may  b 
ascertained  by  adding  a  little  solution  of  litmus  or  of  litmus  slightly 
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reddened  by  tlie  addition  of  a  trace  of  acetic  aciJ,  according  as  tM^ 
reaction  is  supposed  to  be  acid  or  alkaline. 

xsa.  On  FUurtnK- — The  process  of  filtration  is  one  which  the 
microscopist  as  well  as  the  chemist  frequently  has  to  perform.  To 
filter  a  deposit  from  a  solution,  in  quantity,  is  easily  effected  by  the 
use  of  ordinary  filtering  paper,  folded,  pi,  XXII,  fig.  147,  and  placed 
in  a  small  glass  funnel,  fig.  139,  pi.  XXI.  But  sometimes  we  find 
it  necessary  in  microscopical  analysis,  to  filter  the  deposit  from  a 
single  drop  of  fluid.  This  may  be  effected  by  cutting  a  very  narrow 
strip  of  filtering  paper,  and  bending  tt  into  a  V-form,  upon  one  of 
the  glass  slides.  The  drop  is  made  to  pass  between  the  limbs  of  th^ 
V,  and  upon  inclining  the  slide,  clear  fluid  will  gradually  pass  throi 
the  apex  of  the  V,  and  can  be  conducted  away  to  another  part 
the  slide,  by  a  very  fine  glass  rod,  where  other  tests  may  be' 
applied. 

S84.  E*»pnr»tloii  and  Drrlns. — The  evaporaiion  of  fluids,  and 
the  desiccation  of  organic  solids,  must  always  be  conducted  over  3 
water-bath,  otherwise  titere  is  great  danger  of  decomposition  occur- 
ring. For  operations  upon  small  quantities,  the  water-bath  repre- 
sented in  pi.  XIV,  fig.  73,  will  suffice,  or  the  cans  of  the  injed 
apparatus,  pi.  XXIII,  fig,  152,  may  be  removed,  and  basins  pi 
over  the  holes. 

In  endeavouring  to  obtain  crystals  of  organic  substances,   it 
always  advantageous  to  evaporate  the  solution  over  the  surface 
sulphuric  acid  under  a  hell-jar,  pi.  XX,   fig.  131,  or,  what 
still,  in  vacuo,  pi.  XX,  fig.   119.     In  some  instances,  the 
tion  may  be  conducted  by  simply  exposing  the  liquid  placed  in  a  basin 
or  watch-glass,  and  covered  lightly  with  paper,  to  the  air ;  or,  where 
very  slow  evaporation  is  necessary,  the  watch-glass  may  be  c< 
over  with  a  bell-glass. 

IBB.  incincntiaii. — By  incinerating  a  smalt  portion  of 
organic  substance,  upon  a  piece  of  platinum  foil,  or  in  a  platinum 
porcelain  crucible,  we  are  enabled  to  ascertain  whether  it  conl 
inorganic  salts,  or  consists  entirely  of  organic  matter,  in  which 
the  substance  leaves  only  a  black  residue,  which  bums  off  entii 
after  a  short  time.  In  order  to  obtain  the  inoiigaoic  constituents  per- 
fectly free  from  carbon,  it  is  sometimes  necessary  to  keep  the  mass 
at  a  dull  red  heat  for  a  considerable  time.  The  addition  of  a  drop 
of  nitric  acid,  causes  the  rapid  oxidation  of  the  carbon.  If, 
however,  the  temperature  be  too  high,  the  process  may  be  muth 

irded,  in  consequence  of  the  fusion  of  some  of  the  salts,  as  llie 
phosphates  and  chlorides,  and  the  inclusion  of  small  masses  of  carbon, 
which  are  thus  protected  from  the  action  of  the  atmosphere.     The 
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platinum  basin  or  foil  may  be  supported  over  the  lamp  upon  coaise 
wire  gauze  or  upon  a  piece  of  wire,  bent  in  the  form  of  a  triangle,  or 
upon  one  of  the  small  rings  attaclied  to  the  spirit  lamp,  pi  XIV, 
fig.  70.  It  may  be  removed  from  the  lamp  with  the  aid  of  an  old 
pair  of  forceps. 

ase.  AppantuB. — The  chemical  apparatus  necessary  for  the 
microscopical  observer  is  very  simple,  and  the  greater  number  of  in- 
struments have  already  been  referred  to.  The  following  are  among 
the  most  important  pieces  of  apparatus  ; — 

A  few  conical  glasses  of  different  sizes.  Apparatus  for  taking 
specific  gravities.  Test-tubes  of  various  sizes,  arranged  on  a  stand, 
pi.  XLV,  fig.  282.  Spirit-lamps,  with  various  supports,  pi.  XIV, 
fig.  70,  or,  where  gas  is  laid  on,  the  gas-lamp,  pi.  XI,  fig.  49.  Glass 
funnels  and  filtering  paper,  pi.  XXII,  figs.  139,  147,  small  porcelain 
basins,  watch-glasses ;  a  simple  water-bath,  pi,  XIV",  fig.  73,  or  the 
injecting  can,  pi.  XXIII,  fig.  152,  may  be  used,  if  several  evapora- 
tions are  to  be  conducted  at  once.  A  small  platinum  capsule,  a 
strip  of  platinum  foil,  a  blow-pipe,  pipettes,  pL  XXII,  fig.  140,  and 
glass  stirring  rods,  with  a  box  of  reagents  in  small  bottles,  pi.  XLV, 
fig.  179,  and  test  papers,  complete  the  apparatus.  All  these  may  be 
obtained,  packed  in  a  box  of  convenient  size,  fig.  184, 

aSV.  MIcroBrape  for  EuunlnlUK  ButtBtKnces  ImmcrMd  In  A«Wh 
ana  carroilre  Flald*. — If  preparations  which  require  to  be  immersed 
in  strong  acid,  be  examined  in  the  ordinary  microscope,  the  fumes 
may  injure  the  brass  work  of  the  instrument  Considerable  incon- 
venience is  also  experienced  in  examining  fluids  while  hot,  in  conse- 
quence of  the  vapour  rising  and  condensing  upon  the  object-^ass, 
and  thus  rendering  the  object  invisible. 

The  ingenious  microscope  invented  some  years  ago  by  Dr.  Law- 
rence Smith,  obviates  these  objections.  This  inverted  microscope 
has  been  described  in  p.  183,  and  is  represented  in  pi.  XLIII,  fig.  17 1. 

REAGENTS  AND  THEIR  ACTION. 

The  reagents  necessary  for  the  microscopist  are  not  very  nume- 
rous. They  should  be  perfectly  pure.*  Of  the  greater  number  only 
very  little  is  required,  as  much  as  may  be  kept  in  drachm  or  two 
drachm  bottles ;  but  of  alcohol,  ether,  and  one  or  two  others,  it  is 
necessary  to  have  a  half  pint  or  more.  The  slock  reagents  should 
be  kept  in  stoppered  bottles  of  about  the  capacity  of  two  ounces. 

S8S.  DUtiUed  WUer  should  alone  be  employed  for  dissolving 


■  Pure  chemicals  may  be  obtained  of  Mr.  Giiflin,  Long  Acre. 
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s(il>staiices  to  be  tested,  aiid  for  diluting  fluids  required  by  tlie  mi< 
scopical  observer, 

ISO.  Alcohol. — Alcohol  of  different  strengths  will  be  required  f<3 
the  purpose  of  dissolving  certain  substances,  and  for  separating  th< 
from  other  constituents,  which  are  insoluble  in  this  reagent.     If 
weak  alcohol  is  required,  the  strong  spirit  should  always  be  diluti 
with  distilled  water,  and  it  is  better  to  prepare  a  considerable  ijui 
tity  at  a  lime.     It  is  convenient  to  have  two  or  three  bottles  whiclV' 
will  hold  about  two  quarts  each.     The  strength  of  each  should  be. 
written  upon  a  label  attached  to  the  bottle.      The  importance 
alcohol  as  a  preservative  solution  has  been  referred  to  in  p.  53. 

!«•.  Ether,  Chloroform.— An  ounce  or  two  of  ether  will  be  qui 
sufficient  for  microscopical  purposes.     It  should  be  kept  in  a  stO| 
pcred  bottle,  provided  with  a  glass  cap,  to  prevent  loss  by  evapora- 
tion.    A  little  should  also  be  kept  in  one  of  the  small  glass  bolllea 
with  capillary  orifices,  p.  209,  for  the  convenience  of  applying  to 
cells  conLiining  highly  refracting  globules,  resembling  oil,  &c.,  un( 
ibe  microscope.     Chloroform  must  be  kept  in  capped  and  stoppi 
bottles,  carefully  protected  from  the  light. 

SHI.  EfRctR  of  Alcohol  and  Ether. — Atcohol  coagulates  albumiaoua 
matters.  Germinal  matter  is  always  rendered  granular  by  this  reagenL 
Many  transparent  tissues  are  corrugated,  and  rendered  more  or  lesa 
opaque  by  alcohol.  It  dissolves  certain  forms  of  fatty  matter, 
resinous  materials,  and  many  kinds  of  vegetable  and  animal  colouring 
matter. 

Ether  is  of  great  use  for  dissolving  various  kinds  of  fatty  matter. 
In  many  cdses,  however  (as,  for  example,  in  common  milk),  the 
globule  is  covered  with  a  caseous  or  albuminous  investment,  whi< 
protects  it  froni  the  action  of  the  ether.     In  this  case  it  is  necessary 
1 3  add  a  drop  of  acetic  acid,  or  solution  of  potash  or  soda,  to  dissob 
ihc  membrane,  when  the  ether  will  at  once  act  upon  the  faL 

Chloroform  is  a  valuable  fluid  for  dissolving  Canada  balsam, 
P-  5'- 

2B3.  Nitric  Acid  of  two  different  degrees  of  concentration  shouldj 
be  kept,  the  strongest  that  can  be  procured,  and  a  solution  containing 
about  twenty  per  cent,  of  the  strong  a'cid-  This  last  is  the  acid  most 
uied  by  the  raicroscopisl,  especially  in  separating  muscular  fibre  cells. 
It  is  prepared  by  mixing  one  part  of  the  strong  commercial  acid  with 
live  parts  of  distilled  water. 

zBs.  aulphnrlc  Add  is  sometimes  required  undiluted,  but  a  si 
bottle  of  diluted  acid  (one  of  acid  to  five  of  water)  should  also  be 
hand.     The  pure  colourless  acid  should  ain-ays  be  procured  j  it  is  to 
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be  purchased  for  about  is.  6d,  a  pound,  but  only  very  small  quan- 
tities are  required. 

594.  Hydrochiorie  Add  may  be  obtained  perfectly  colourless. 
It  should  be  kept  in  the  pure  state  and  diluted  as  required. 

595.  Acetic  Acid. — Two  specimens  of  acetic  acid  will  be  found 
convenient  One,  a  solution  of  the  strongest  acid  which  can  be 
procured  ;  the  other  containing  about  twenty  per  cent.  The  last  is 
prepared  by  dissolving  one  part  of  the  strongest  liquid  acid,  or  of  the 
pure  glacial  acetic  acid,  in  five  of  water. 

The  glacial  acetic  acid  is  now  commonly  employed  for  photo- 
graphic purposes,  and  can,  therefore,  be  very  readily  obtained.  It 
possesses  great  advantages  over  other  kinds  of  acid  for  microscopical 
purposes. 

296.  Chromic  Add  is  usually  required  very  dilute.  For  the 
purposes  of  hardening  tissues  a  watery  solution  of  a  straw  colour  will 
be  found  strong  enough.  It  is  easily  prepared  by  dissolving  a  little 
of  the  crystallised  chromic  acid  in  distilled  water. 

The  crystallised  acid  may  be  prepared  iby  decomposing  100 
measures  of  a  saturated  solution  of  bichromate  of  potassa,  by  the 
addition  of  120  to  150  measures  of  pure  concentrated  sulphuric  acid. 
As  the  mixture  becomes  cool,  crystals  of  chromic  acid  are  deposited, 
which  should  be  dried  and  well  pressed  on  a  porous  tile,  by  which 
means  the  greater  part  of  the  sulphuric  acid  is  removed,  and  the 
crystals  obtained  nearly  pure. 

S99.  EfTeots  of  Adds  on  Ursmnlc  Structures. — ^The  effects  of  the 
application  of  cold  strong  acids  to  animal  textures  are  very  variable ; 
in  some  instances  the  tissue  is  completely  destroyed,  while  in  others 
scarcely  any  effect  seems  to  be  produced.  The  mineral  acids  gene- 
rally coagulate  albuminous  tissues,  and  render  their  microscopical 
characters  confused  and  indistinct  Tribasic  phosphoric  acid,  how- 
ever, is  an  exception  to  this. 

Acetic  acid  dissolves  many  of  the  substances  allied  to  albumen. 
The  appearance  of  some  textures  is  scarcely  altered  by  the  applica- 
tion of  a  strong  add ;  for  instance,  the  blood  corpuscles  shrink  a 
little,  but  exhibit  their  usual  form  and  general  characters  for  some 
time  after  the  addition  of  strong  nitric  acid,  and  the  cells  of  the 
epidermis  and  nail,  although  turned  of  a  yellow  colour,  are  not 
destroyed ;  the  latter  are  separated  somewhat  from  each  other,  and 
their  outiine  is  often  made  beautifully  distinct  Most  of  the  mineral 
constituents  of  the  body,  insoluble  in  water,  are  direcUy  dissolved  by 
the  acids.  Strong  nitric  acid  is  a  very  useful  reagent  for  demon- 
strating vegetable  cellular  structures. 

Acdic  Acid, — ^Acetic  acid  is  one  of  the  most  useful  reagents  to 


204 


HOW   TO  WORK 


the  microscopital  olservcr.  It  has  the  property  of  dissolviq 
granular  matter  composed  of  albuminous  material,  atid  < 
ceU-wall  ajid  many  kinds  of  formed  material  to  become  very  ti 
parent;  although  it  often  renders  the  nucleus  darker  and  niM 
distinct  In  many  instances  the  action  of  the  acid  upon  the  cetl-« 
is  curious ;  the  formed  material  becomes  more  pulpy  and  thicket 
and  approaches  in  tenuity  and  refracting  power  the  solutiorj  in  whic 
it  is  immersed.  In  numerous  instances,  by  adding  a  saliiie  solutioi 
to  cells  which  have  been  previously  rendered  transparent  by  acedl 
acid,  they  again  contract,  and  the  outline  becomes  distinct.  In 
some  cases,  however,  the  outer  part  of  the  cells  is  actually  dis- 
solved by  the  acid,  and  the  germinal  matter  is  set  free.  Acetic  add 
is  very  frequently  used  to  make  epithelial  structures  transparent,  in 
order  that  the  arrangement  of  the  minute  vessels  and  nerves  in 
papillje,  &c.,  may  be  demonstrated,  as  in  the  case  of  the  tongue, 
skin,  &c  Sections  of  preparations  which  have  been  hardened  by 
maceration  in  alcohol,  may  require  to  be  boiled  slightly  in  acetic 
acid  to  render  thera  triwispaxent  The  action  of  acetic  acid  on  white 
fibrous  tissue  is  very  characteristic,  as  it  converts  it  into  a  transparent 
jelly-like  mass,  in  which  a  few  nuclei  are  visible.  Upon  the  yellow 
element,  on  the  other  hand,  this  reagent  exerts  no  action  what- 
ever. 

Acetic  acid  may  also  be  employed  for  testing  crystalline  bodies,^ 
as  phosphates  and  carbonates.     By  it  phosphate  or  carbonate  of  li 
may  be  distinguished  from  oxalate  of  lime  (all  which  are  insoluW 
in  water),  by  dissolving  the  two  former,  while  it  does  not  affect  I 
latter  even  if  boiled  with  it.     The  action  of  acetic  acid,  upon  i 
particular  tissue,  upon  any  form  of  cells,  fibres,  &c.,  that  are  subject 
to  examination,  should  always  be  specially  noted.     Many  tissues  a 
quite  insoluble  in  acetic  acid,  thougli  they  are  not  rendered  opaqtw 
by  it  _ 

NilrU  Acid. — Strong  nitric  acid  dissolves  albuminous  substaI«^ea, 
but  first  colours  them  deep  yellow.  Dilute  nitric  acid  is  much 
employed  in  microscopical  research.— An  acid  composed  of  one  part 
of  acid  to  two  or  three  of  water,  forms  a  good  solution  for  hardening 
some  structures  previous  to  cutting  thin  sections.  The  thin  sections. 
may  sometimes  be  rendered  very  transparent  by  being  treated  afteF<^ 
wards  with  dilute  caustic  soda.  For  demonstrating  muscular  fibre-celto,  ( 
nitric  acid  is  a  valuable  reagent.  For  this  purpose  the  solution  should 
contain  about  twenty  per  cent  of  strong  acid,  and  t!ie  muscular  fibre 
should  be  allowed  to  macerate  in  it  for  some  days,  when  small  pieces 
may  be  removed  with  scissais,  and  after  being  carefully  torn  up  wil^ 
fine  needles,  subjected  to  examination. 
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When  we  wish  to  obtain  portions  of  glandular  structure  isolated 
from  one  another,  it  is  a  good  plan  to  soak  the  tissue  for  some  days 
in  dilute  nitric  acid  (one  part  of  acid  to  six  or  seven  of  water),  when 
the  areolar  tissue  becomes  softened.  At  the  same  time  the  gland 
structure  is  rendered  more  firm,  and  may  be  isolated  very  readily 
with  the  aid  of  needles.  In  this  manner  the  gastric  glands,  the 
secreting  follicles  of  the  pancreas,  and  salivary  glands  may  often  be 
very  satisfactorily  demonstrated. 

By  boiling  animal  tissues  in  strong  nitric  acid,  they  become 
destroyed,  while  any  siliceous  constituents  remain  behind  unaltered. 
In  this  manner,  the  siliceous  skeletons  of  the  Diatomacea  may  be 
separated  from  any  organic  matter  with  which  they  may  be  combined. 
This  is  one  of  the  processes  employed  for  obtaining  these  beautiful 
objects,  from  guano. 

Sulphuric  Acid, — Hydrochloric  Acid. — Concentrated  sulphuric 
acid  causes  epidermic  structures  to  swell  up  very  much,  and  the  cells 
to  separate  from  each  other  so  as  to  be  readily  isolated.  Boiling  acid 
completely  dissolves  them.  In  the  examination  of  hair,  strong  sul- 
phuric acid  will  be  found  to  render  the  outline  of  the  cells  very 
distinct 

Hydrochloric  acid  is  usually  employed  for  dissolving  out  the 
mineral  constituents  of  certain  tissues,  such  as  bone  or  teeth.  As  a 
rule,  it  is  better  to  use  dilute  acid  (one  of  acid  to  three  or  four  of 
water),  in  which  case,  however,  a  longer  time  must  of  course  be 
allowed,  than  when  the  acid  is  concentrated. 

598.  Solatlon  of  Potash  should  be  kept  of  two  or  three  different 
degrees  of  strength.  One,  the  strongest  which  can  be  obtained ; 
another,  made  by  mixing  one  part  of  the  strong  potash  with  three 
or  four  of  water;  and  a  solution  consisting  of  one  part  of  liquor 
potassae  to  eight  or  ten  of  water  will  be  found  of  a  useful  strength 
for  the  examination  of  many  preparations. 

599.  Solution  of  Soda  is  generally  required  very  dilute.  It  may  be 
made  by  mixing  one  part  of  the  strong  solution  of  the  shops  with 
five  or  six  of  water ;  but  this,  for  many  purposes,  will  require  to  be 
still  further  diluted.  Or,  about  twenty-five  grains  of  the  fused  soda 
may  be  dissolved  in  an  ounce  of  distilled  water. 

see.  Ammonia.. — Solution  of  ammonia,  made  by  mixing  one 
part  of  the  strongest  liquor  ammoniae  (British  Pharmacopoeia)  with 
three  of  water,  will  be  found  sufficiently  strong  for  all  the  purposes 
for  which  this  reagent  will  be  required. 

391.  EflTects  of  Alkalies  on  Organic  Stractnres. — ^The  action  of 
alkalies,  even  when  cold  in  a  very  dilute  state,  is  to  dissolve  most 
animal  textures.     Cell-membranes  are  frequently  almost  instantly 
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dissolved,  while  liie  nucleus  (germinal  matter)  appears  to  be  alter 
but  slightly, 

Alkalies  are  also  employed  for  dissolving  certain  crystalline 
substances  which  are  occasionally  found  in  animal  tissues,  such,  for 
instance,  as  the  urates. 

The  action  of  potash  and  soda  upon  animal  stiuctures  is 
similar.  Both  dissolve  substances  of  an  albuminous  nature,  but 
effect  of  soda  is  more  gradual,  and  it  has  been  found  that  for  mo&t 
purposes  in  microscopical  research,  the  reagent  possesses  advantages 
over  potash. 

The  solution  of  potash  required  by  the  microscopisl  is  the 
ordinary  liquor  potassa  of  the  pharmacopceia,  and  the  solution  of 
soda  is  prepared  in  the  same  maimer.  These  solutions  may  be 
diluted  with  water  to  the  required  strength.  Potash  and  soda  are 
employed  where  a  tissue  is  to  be  rendered  more  transparent  for  the 
purpose  of  demonstrating  the  arrangement  of  the  nerves  or  other 
anatomical  elements  not  soluble  in  this  reagent. 

These  reagents  dissolve  the  layer  of  epithelium  covering  roucf 
membranes,  or  render  it  perfectly  transparent,  so  that  the 
ment  of  the  structures  beneath  the  basement  membrane  can 
easily  demonstrated.  In  investigating  the  arrangement  of  the  nei 
and  vessels  in  papillae  and  other  structures,  they  are  very  valual 
especially  the  soda  solulion. 

For  the  purpose  above-mentioned,  the  alkalies  should  be  dilm 
wilh  water,     The  changes  are  expedited  by  the  application  of  h< 
which,  however,  must  not  be  too  great,  for  fear  of  complete  solutii 
taking  place.     The  structure  may  be  heated  with  the  solution  in  a 
lest  tube. 

Some  animal  textures  become  hardened  by  prolonged  maceratioi 
in  carbonate  of  potash,  but  this  plan  does  not  appear  to  be 
generally  useful  as  others  previously  indicated.    Epidermic  stnii 
are  not  much  altered  by  this  salt. 

The  introduction  of  different  chemical  solutions  by  injection, 
will  be  discussed  in  Part  V.  I  strongly  recommend  this  plan  of 
subjecting  the  tissue  to  the  action  of  the  reagent.  Sa  also_ 
Part  V. 

8«3.  Mltrau  of  Bar7t««, — A  cold  Saturated  solution  of  the 
forms  a  test  solution  of  convenient  strength.  It  should  be  filt 
before  use.  A  solution  of  nitrate  of  barytes  is  employed  as  a 
for  sulphuric  and  phosphoric  acids.  The  precipitated  sulphate 
baryta  being  insoluble  both  in  adds  and  alkalies ;  while 
phosphate  of  baryta  is  readily  soluble  in  acids,  but  insoluble 
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SOS.  Kitrvtc  oT  Silver. — A  solution  of  nitrate  of  silver  is  pre- 
pared by  dissolving  one  hundred  and  twenty  grains  of  the 
crystallised  nitrate  in  two  ounces  of  distilled  water,  and  filtering 
if  necessary.  Nitrate  of  silver  is  employed  as  a  test  for  chlorides 
and  phosphates.  The  white  precipitate  of  chloride  of  silver  is 
soluble  in  ammonia,  but  insoluble  in  nitric  acid.  The  yellmo  pre- 
cipitate of  trihasic  phosphate  of  silver  is  soluble  in  excess  of 
ammonia,  as  well  as  in  excess  of  nitric  acid. 

S>'(.  oxalate  or  Ammonia. — Some  crystals  may  be  dissolved  in 
distilled  water,  and,  after  allowing  time  for  the  solution  to  become 
saturated,  it  may  be  filtered.  Oxalate  of  ammonia  is  used  as  a  test 
for  salts  of  lime.  Oxalate  of  lime  is  insoluble  in  alkalies  and  in 
acetic  acid,  but  soluble  in  the  strong  mineral  acids.  In  testing  an 
insoluble  deposit  lor  lime,  it  may  be  dissolved  in  nitric  acid  and 
excess  of  ammonia  added  ;  the  (locculent  precipitate  is  readily 
dissolved  by  excess  of  acetic  acid,  and  Id  this  solution  the  oxalate 
of  ammonia  may  be  added.  The  precipitation  of  oxalalp  of  lime 
is  favoured  by  the  application  of  heat.  Many  deposits  of  phosphate 
are  with  great  difficully  soluble  in  acetic  acid,  hence  the  necessity  of 
first  adding  nitric  acid,  as  above  directed. 

S«S.  iMllne  Snintlonii. — An  aqueous  solution  is  easily  prepared, 
by  dissolving  a  few  grains  of  iodine  in  some  distilled  water,  until  it 
acquires  a  brownish-yellow  colour.  A  solution  of  iodine  is  sometimes 
useful  for  colouring  certain  animal  and  vegetable  textures,  which  arc 
so  transparent  as  to  be  scarcely  distinguishable  upon  microscopici] 
examination.  In  the  examination  of  many  such  structures,  great 
assistance  wilt  be  obtained  from  the  use  of  coloured  solutions ;  for 
delicate  textures,  like  the  cell-wall  and  basement  membrane,  &c., 
can  be  far  better  distinguished  when  a  faint  tint  is  communicated 
to  them,  than  when  perfectly  colourless.  \V'hen  a  membrane 
is  to  be  made  more  distinct,  it  may  be  immersed  in  a  little  Prus- 
sian blue  fluid,  p.  93,  the  minute  particles  of  which  adhere  to  it, 
and  enable  us  to  trace  its  outline  clearly.  A  weak  solution  of 
magenta  answers  the  same  purpose. 

Iodine  is  principally  employed  as  a  test  for  starch  which  is 
rendered  blue  by  an  aqueous  solution,  even  when  very  dilute. 
Albuminous  matters  and  tissues  are  coloured  yellow  by  iodine,  and 
vegetable  cellulose  also  receives  a  brownish-yellow  tinge.  The 
addition  of  sulphuric  acid  (one  part  of  the  strong  acid,  two  parts  of 
water)  to  albuminous  matter  stained  with  iodine,  causes  no  change, 
but  cellulose  under  the  same  circumstances  becomes  blue.  In  cases 
where  substances  allied  to  starch  and  cellulose  (amyloid  matters) 
are  found  associated  with  the  albuminous  matters,  a  puqiple,  bluiih,  . 


A  strong  solution  of  iodine  may  be  obtained  by  employing  a 
solution  of  iodide  of  potassium  to  dissolve  the  iodine  (one  graJi 
ioHine  and  three  grains  of  iodide  of  potassium,  to  one  ounce  of 
tilled  water  or  glycerine). 

Schultz  recommends  the  following  iodine  solution.  Zinc  is 
solved  in  hydrochloric  acid  ; — the  solution  is  pennilted  to  evaporate 
in  contact  with  metallic  zinc  until  it  attains  the  thickness  of  a  synip  ; 
and  the  syrup  is  then  saturated  with  iodide  of  potassium.  The  iodine 
is  next  added,  and  the  solution,  if  necessary,  is  diluted  with  water. 
Professor  Busk  gives  the  following  directions  for  preparing  this 
solution :  one  ounce  of  fused  chloride  of  zinc  is  to  be  dissolved  in 
about  half  an  ounce  of  water,  and  to  the  solution  (which  atnounts 
to  alw)ut  an  ounce  fluid  measure),  lliree  grains  of  iodine,  dissolved 
with  the  aid  of  six  grains  of  iodide  of  potassium,  in  the  smallest 
possible  quantity  of  water,  are  to  be  added  (Trans,  Mic.  Sex:., 
vol.  I,  p.  67).  I  have  employed  a  solution  prepared  in  this  manner, 
and  ran  speak  very  highly  of  its  utility.  In  making  it,  it  is  necessary 
not  to  fust  the  chloride  of  zinc  much,  or  to  use  a  very  high  tempera- 
ture, as  decomposition  is  very  apt  to  lake  place.  In  testing  starch 
with  this  solution,  tt  is  advisable  to  add  a  very  little  water,  as  the 
solution  frequently  will  not  act  in  its  concentrated  form. 
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S«6.  Nrtlied  ar  AppirtnK  Teati  M  Siib«t*nc«ii  lni«n<le<  far 
MlrroMopicmi  Examliwilan. — The  matter  to  be  tested  may  be  placed 
upon  a  glass  slide,  and,  if  necessaiy,  a  drop  of  water  added,  to 
moisten  or  dissolve  it,  as  the  case  may  be, 

In  these  operations  we  usually  require  only  a  small  drop  of  a 
solution,  and  it  will  be  found  most  convenient,  in  applying  it  to  the 
object,  to  take  a  drop  from  the  bottle  by  dipping  a  stirring-rod  into 
it,  and  withdrawing  it  immediately,  Enough  will  be  found  adhering 
to  the  stirring-rod  for  the  purpose  required.  The  rod  should  not  be 
dipped  in  a  second  time,  without  being  first  well  washed  in  water, — 
for  if  this  be  not  scrupulously  attended  to,  there  is  great  danger  of 
conveying  some  of  the  substance  intended  for  examination  into  the 
test  bottle,  in  which  case  the  whole  contents  would  be  spoiled. 
Without  great  care  in  all  our  manipulations,  there  will  be  much 
danger  of  removing  a  portion  of  one  substance  from  a  glass  slide 
and  carrying  it  to  a  specimen  which    is   examined  subsequently. 
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Accidents  of  [his  kind  can  always  be  avoided,  by  not  allowing  the  drop 
of  the  reagent  to  touch  the  deposit  until  the  rod  has  been  removed. 
The  drop  may  be  placed  near  the  substance  intended  for  examina- 
tion, and  then  allowed  to  come  into  contact  with  it,  either  by 
inclining  the  glass  slide,  or  by  leading  it  with  a  glass  rod,  to  the 
matter  to  be  tested. 

s*i.  Bottica  with  r>puiarr  Qriiice*. — The  above  tests  may  be 
preserved  in  ordinary  stoppered  bottles,  but  I  much  prefer  to  keep 
them  in  small  tubes  with  capillary  orifices,  from  which  only  a  drop, 
or  a  part  of  a  drop,  can  be  expelled  when  required.  Several  years 
since  I  arranged  all  the  ordinary  tests  I  required  for  microscopical 
purposes  in  small  bulbs  which  were  drawn  off  to  a  cajiillary  point. 
They  were  provided  with  glass  and  gutta  percha  caps.  These  bulbs, 
however,  were  somewhat  inconvenient  in  consequence  of  not  being 
made  to  stand  upright,  and  Mr.  Highley  substituted  for  ihem  tubes 
with  flat  bottoms  and  ground  glass  caps,  pi.  XLV,  figs.  278  to  381. 
To  fill  these  bottles  I  proceed  as  follows ; — A  little  of  the  solution 
is  poured  into  a  small  basin,  the  Cube  being  inverted  so  that  iu 
orifice  dips  beneath  the  surface  of  the  fluid.  Heat  being  now  applied 
to  the  body  of  the  bulb,  the  air  in  its  interior  is  expanded  ami  par- 
tially expelled.  As  the  bottle  becomes  cool,  a  certain  quantity  of 
the  fluid  rises  up  into  its  interior.  Usually,  however,  it  is  not  pos- 
sible to  introduce  more  than  a  few  drops  in  this  manner.  The  bottle 
is  then  removed  and  heated  over  the  spirit-lamp  until  the  drop  of 
fluid  in  its  interior  is  in  a  state  of  ebullition.  White  the  steam  Is 
issuing  violently  from  the  orifice,  I  carefully  plunge  it  again  beneath 
the  surface  of  the  fluid.  As  the  steam  within  condenses,  the  solution 
rises  up  in  the  interior,  and  would  completely  fill  the  little  bottle  if 
it  were  maintained  in  this  position,  but  when  it  is  about  three  parts 
full  it  may  be  removed  from  the  fluid.  If  I  were  to  fill  it  completely 
it  would  be  difficult  to  expel  the  fluid  when  required.  A  certain 
ciuantity  of  air,  therefore,  is  allowed  to  remain  within  the  bottle,  and 
being  expanded  by  the  warmth  of  the  hand,  the  quantity  of  fluid 
required  can  be  driven  out  at  pleasure. 

Mr,  Highley  has  made  a  further  modification  by  arranging  the 
capillary  neck  in  the  form  of  a  tubulated  stopper,  by  the  removal  of 
which,  fluid  can  be  introduced  as  in  filling  an  ordinary  bottle, 
fig.  280.  For  microscopical  purposes  bottles  with  capillary  orifices 
possess  many  advantages  over  the  ordinary  stoppered  bottles  in 
which  tests  are  usually  kept. 

In  the  first  place,  a  most  minute  quantity  of  the  test  can  be 
obtained  without  difliculty,  and  there  is  no  chance  of  too  much 
escaping. 
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&coiitf/j',  tliere  is  no  danger  of  the  reagent  becoming  spoilt  1  _ 
the  inlroduction  of  various  substances  from  without  If  an  ordinary 
sto|)pered  bottle  be  used,  a  drop  of  the  fluid  must  be  removed  with 
a  pipette  or  stirring-rod,  but  if  these  should  not  be  quite  clean. 
foreign  substances  may  be  introduced,  and  the  reagent  spoilt  for 
further  operations.  Carelessness  upon  this  head  will  lead  to  the 
greatest  inconvenience,  and  give  rise  to  serious  mistakes. 

TTiirdly,  testing  by  means  of  these  httle  bottles  can  be  conducted 
in  a  very  short  space  of  time,  and  they  possess  the  advantage  of  being 
packed  in  small  compass,  pi.  XL V,  figs.  279,  284. 

S«8.  C*ptiiAiT  Tubes  with  Indla^ruhber  tied  over  the  T*^. — 
Dr.  Lawrence  Smith  recommend.s  that  the  tests  should  be  kept  in 
bottles  of  two  ounce  capacity,  and  instead  of  a  stopper,  he  inserts  a 
tube  in  the  form  of  a  pipette,  the  upper  open  end  of  which  is 
covered  with  a  piece  of  vulcanised  India-rubber,  fig,  183,  By 
pressing  this  while  the  lower  end  is  beneath  the  fluid,  a  portion  of 
the  air  is  of  course  driven  out,  and  a  little  fluid  rashes  in  to  supply- 
its  place  as  soon  as  the  pressure  is  removed.  The  tube  with  the 
contained  test  solution  may  then  be  removed  from  the  bottle,  and  by 
again  pressing  the  India-rubber,  a  drop,  or  a  portion  of  a  drop,  is 
very  readily  espellcd. 

SOS.  Tcstlns  for  Carbonate  and  Pbonphate  of  Lime,  rboapbue 
Of  Ammonia  ana  IKaKnesIa,  Sulphates  and  Chlorldei. — Suppose  the 
nature  of  the  substances  composing  certain  forms  of  earthy  matter 
is  to  he  ascertained.  A  small  portion,  about  the  size  of  a  pin's 
head,  is  placed  upon  the  slide,  and  covered  lightly  with  a  piece  of 
thin  glass.  Next,  a  drop  of  nitrit  acui  is  placed  near  to  the  thin 
glass.  The  acid  soon  reaches  the  sediment,  and  the  disengagement 
of  a  few  bubbles  of  gas  may  be  obser\-ed.  These  are,  as  it  were, 
temporarily  pent  up  by  the  thin  glass.  If  there  should  be  any 
doubt  about  the  action  of  the  acid,  we  may  resort  to  examination  in 
the  microscope,  when,  if  there  be  very  few  bubbles,  they  may  be 
detected.  The  formation  of  bubbles  of  gas  indicates  the  presence  of 
a  carbonate. 

The  add  solution  may  be  neutralised  with  ammonia,  when  a  faint 
flocculent  precipitate  may  be  produced.  After  this  has  stood  still  for 
a  few  minutes  it  should  be  covered  with  thin  glass  and  examined  under 
the  microscope.  It  may  consist  of  amorphous  granules  and  small 
crystals,  which,  if  allowed  to  stand  long  enough,  will  take  the  form  of 
triangular  or  quadrangular  prisms  (phosphate  of  ammonia  and 
magnesia,  phosphate  of  lime). 

If  we  wish  to  ascertain  the  presence  of  sulphates,  a  litde  o 
nitric  acid  solution  is  treated  with  nitrate  of  baryta.    An  anrnplu 
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amoiphQ^^H 


WITH   THE   MICROSCOPE.  211 

precipitate  of  sulphate  of  baryta,  insoluble  in  strong  acid  and 
alkalies,  takes  place,  if  sulphuric  acid  be  present  The  presence  of 
chlorides  is  detected  by  the  addition  of  a.  little  nitrate  of  silver 
to  a  drop  of  the  solution  of  the  deposit  in  weak  nitric  acid.  The 
white  precipitate  of  chloride  of  silver  is  insoluble  in  nitric  acidy  but 
is  dissolved  by  ammonia. 

The  above  will  serve  as  examples  of  the  method  of  detecting  the 
presence  of  different  substances  in  a  very  minute  quantity  of  matter. 
The  indications  obtained  in  this  manner  are  quite  as  valuable,  and 
may  be  relied  upon  with  as  much  certainty,  as  if  we  were  provided 
with  a  very  large  quantity  of  material  to.  work  upon.  In  a  single 
drop  of  a  composite  solution,  the  presence  of  several  different  acids 
and  bases  may  be  detected. 

SlO.  New  Method  of  Hlcroscopleal  Analysis. — Since  I  have  been 
in  the  habit  of  using  glycerine  as  the  basis  of  all  my  injecting 
fluids  and  preservative  solutions,.  I  have  employed  it  as  the  solvent 
of  all  tests,  and  with  the  greatest  advantages.  The  reacti£>ns  are  of 
course  slower;  but  much  more  perfect  Crystals  can  be  formed 
most  readily  by  this  process,  and  as  the  viscid  solutions,  mix  very 
slowly,  most  perfect  crystals  even  of  substances  which  crystallise 
with  great  difficulty  in  water,  can.  be  readily  obtained.  If  glycerine 
be  added  gradually  to  many  solutions  of  crystalKsable  matter 
crystals  are  deposited.  The  various  tests  may  be  dissolved  in  a 
little  water  and  then  added  tD»  Price's  glycerine.  The  iodine 
reactions  can  often  be  obtained  most  satisfactorily  by  this  mode  of 
proceeding.  The  solutions  may  be  kept  in  tiie  little  glass  bottles 
described  in  p.  209.  Very  strong  solutions  of  the  nitric  and 
sulphuric  acids  cannot  be  obtained  in  glycerine,  but  it  is  seldom  that 
a  stronger  solution  than  one  part  of  acid  to  five  of  glycerine  is 
required.  If  a  very  strong  viscid  solution  of  acetic  acid  be  wanted, 
the  acid  may  be  warmed  with  lump  sugar  in  su^cient  quantity  to 
make  a  fluid  of  the  consistence  of  syrup..  Glycerine  may  be 
employed  as  the  universal  medium  for-  the  examination,  preservation, 
and  qualitative  analysis  of  microscopic  objects*  It  need  scarcely  be 
said  that  glycerine  and  syrup  aue  miscible,  so  that  the  viscidity  of  any 
fluid  can  be  readily  increased  by  the  addition  of  sugar  to  it. 

Cf  obtaining  Crystalline  Substances  from  the  Fluids  and 

Textures  of  Organism. 

811.  Formation  of  Crystals. — Some  crystalline  bodies  are 
deposited  from  their  solution  in  animal  fluids  by  simple  evapora- 
tion; others,  less  soluble,  may  be  deposited  by  allowing  the  fluid 
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to  stand  still  for  a  short  time,  when  certain  changes  occur  in 
some  of  its  constituents,  which  lead  to  the  precipitation  of  some 
bodies  in  a  crystalline  form,  as  for  instance,  uric  acid,  or  triple 
phosphate.  In  other  cases  it  becomes  necessary  to  add  some 
reagent  before  the  crystals  are  thrown  down,  while  not  unfrequently 
a  long  and  often  complicated  chemical  analysis  is  necessaxy  if 
substances  which  were  previously  held  in  solution,  are  to  be 
obtained  in  a  crystalline  form.  The  addition  of  water  in  some 
cases  causes  the  most  rapid  crystallisation,  especially  When  the 
crystallisable  material  is  dissolved  in  viscid  organic  matter,  as  when 
water  is  added  to  blood,  in  order  to  obtain  blood  crystals.  In- 
stead of  water,  in  other  instances,  alcohol,  ether,  or  chloroform,  in 
which  the  crystals  may  be  much  less  soluble  than  in  water,  is  to 
be  preferred. 

Crystalline  substances  which  are  dissolved  in  animal  fluids, 
may  often  be  separated  in  a  perfectly  pure  state  by  the  addition 
of  another  fluid  in  which  they  are  not  so  readily  soluble.  This 
last  should  be  added  very  gradually,  to  aflow  time  for  the  forma- 
tion of  the  cr}stals,  othenvise  an  amorphous  precipitate  alone 
results.  Many  organic  snbstances  soluble  in  alcohol,  may  be 
crystallised  by  the  addition  of  ether,  while  some  are  precipitated 
from  their  solution  in  water,  by  the  gradual  addition  of 
alcohol. 

812.  Influenee  of  various  Constituents  upon  the  CirstallismtkiB. 
— In  many  instances,  it  is  exceedingly  difficult  to  separate  some 
crystalline  bodies  from  other  constituents  by  which  their  solubility  is 
much  increased,  and  crystallisation  is  often  prevented.  The  extrac- 
tive matters  of  blood,  and  of  many  organic  fluids,  exert  this  influence 
in  a  marked  degree,  and  it  is  only  of  late  years  that  several  new 
bodies  of  definite  chemical  composition  have  been  isolated.  Creatine 
and  creatinine  may  be  instanced  amongst  the  number,  for  these  were 
not  very  long  ago  included  under  the  indefinite  term  "  extractives." 
Certain  colouring  matters  of  definite  compositiooi  have  also  been  sepa- 
rated, and  it  is  very  probable  that  as  the  methods  of  analysis  at  our 
disposal  become  improved,  many  new  crystalline  bodies  will  be  isolated 
from  the  extractive  matters.  A  very  small  quantity  of  extractive  matter 
entirely  prevents  the  crystallisation  of  urea,  while  the  presence  of 
chloride  of  sodium  or  common  salt  favours  the  separation  of  this  mate- 
rial by  forming  with  it  a  compound  which  readily  crystallises  in  large 
octohedral  crystals  even  in  the  presence  of  extractive  matters.  The 
existence  of  carbonic  acid  in  excess  may  cause  carbonate  of  lime, 
triple  phosphate,  and  other  salts,  to  be  held  in  solution.  Excess  of 
alkali  prevents  the  precipitation  of  uric  acid,  and  excess  of  acid,  that 
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of  phosphate  of  lime.  Fatty  matters  dissolve  choleslerine,  and  serum 
possesses  the  power  of  retaining  small  quantities  of  both  ihe  latter 
substances  in  solution,  Some  crystalline  bodies  which  are  soluble 
at  the  temperature  of  the  body,  cfyslallise  when  the  solutions  con- 
taining them  arc  cooled  thirty  or  forty  degrees.  The  effect  of  dilu- 
tion in  retaining  crystals  in  solution,  need  scarcely  be  alluded  to. 
Hence,  before  the  presence  of  many  substances  can  be  detected  by 
microscopic  examination,  certain  chemical  operations  ate  required  in 
order  to  separate  them  from  their  combinations  in  the  animal  body, 
or  for  tJie  removal  of  other  substances  which  interfere  with  their 
crystallisation, 

SIS.  letianUlDn  of  CnrsUUa  from  Aninal  SnbitMiMi,— From 
what  was  stated  in  the  last  section,  it  follows  that  in  many  instances 
this  is  a  matter  of  some  difficulty.  Not  unfrequently,  if  not  very 
soon  separated  from  the  fluid  in  which  tliey  were  formed,  the  crystals 
again  undergo  solution  or  become  decomposed.  If  the  crystals  are 
not  very  soluble,  the  supernatant  fluid,  or  mother-liquor,  may  be 
jjoured  ofi^ — the  crj'stalline  deposit  washed  with  ice-cold  water,  and 
subsequently  dried  on  filtering  paper  over  sulphuric  add  without  the 
application  of  heat 

If  the  crystals  will  not  bear  the  application  of  water,  as  much  of 
t!ie  fluid  as  possible  must  be  poured  off,  and  the  remainder  alKorbed 
with  bibulous  papei^  or  they  may  be  placed  upon  a  porous  tile,  and 
dried  over  sulphuric  acid  in  vacuo.  In  many  instances  we  are 
enabled  to  wash  the  crystals  with  water,  holding  a  litde  acid  or  alkali, 
or  some  alkaline  salt,  in  solution,  or  with  alcohol,  ether,  or  some 
other  fluid  in  which  we  Vnow  them  to  be  quite  insoluble. 

In  cases  in  which  crystals  insoluble  iu  water  are  deposited  in 
animal  solids,  they  may  be  separated  by  agitation,  when,  being 
heavier  than  the  water,  they  subside  to  the  bottom,  and  the  lighter 
animal  matter  may  be  removed  by  forceps,  or  if  in  a  very  minute  stale 
of  division,  poured  off  with  the  supernatant  fluid.  In  other  cases,  it  m.iy 
be  separated  by  straining,  while  the  crystals  are  washed  through  muslin. 

SI4.  Of  obtaining  Crrstals  for  ExMUluMlon. — In  order  to 
accustom  himself  to  the  necessary  manipulation  required  in  the 
j.rocess,  the  student  may  evaporate  a  solution  of  common  salt  upon 
a  glass  slide,  and  when  it  has  become  sufficiently  concentrated  it  may 
be  covered  with  a  small  piece  of  thin  glass,  and  allowed  to  cool. 
■\Vhen  cold  it  may  be  subjected  to  microscopical  examination.  Beau- 
tiful cubes  of  chloride  of  sodium  will  be  obsen-ed,  pi.  XLII, 
fig.  270.  Crystals  of  several  salts  may  be  made  in  the  same  simple 
manner,  and  from  an  attentive  examination  of  them,  much  may  be 
learned.     Phosphate  of  Soda,  Phosphates  of  Soda  and  Ammonia, 
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Sulphates  of  Potash  and  Soda,  Muriate  of  Ammonia,  Borax,  Ali 
Sulphate  Of  Copper,  Binigdide  of  Mercury,  and  a  variety  of  other 
salts,  can  be  readily  obtained  in  microscopical  crystals  in  this  manner. 
Mr.  GJaisherhas  made  some  beautiful  obser\'ationa  on  snow-ttakes. 
Copies  of  his  drawings  are  represented  in  pis.  XLVI  and  XLVII, 
figs.  285  to  303.  Among  organic  crystalline  substances  may  be  men- 
tioned, Quinine,  lodo-sulphale  of  Quinine,  Salicine,  Bruda,  Oxalic 
Acid,  and  Oxalates,  particularly  Oxalate  of  Ammonia, 

Different  faces  of  the  crystal,  as  it  lies  in  the  liquid,  may 
brought  into  view  by  slightly  moving  the  *hin  glass  cover  with  a  fil 
pointed  instrument,  such  as  a  needle,  while  the  preparation  is  in  the 
field  of  the  microscope.  'With  a  little  practice,  crystals  may  in  this 
manner  be  made  to  rotate  in  the  mother-liquor.  Crystals  which  are 
precipitated  by  the  addition  of  some  reagent,  such  as  nitrate  of  urea 
by  nitric  acid,  must  be  examined  in  a  little  of  the  solution.  The 
addition  of  water  would,  in  many  instances,  destroy  them  imme- 
diately. Crystals  of  muriate  of  ammonia  and  creatine  are  represent* 
in  pi  XI.VII.  Other  crystals  are  seen  -in  jils.  XLII,  XL VIII, 
XLIX. 

The  influence  of  the  crystals  upon  polarised  light  should 
examined,  and  in  cases  in  which  (lie  nature  of  the  crystal  has  not 
been  ascertained,  its  angles  should  be  carefully  measured,  mil 
accurate  drawings  made.  Their  behaviour  with  chemical  reagents  is 
next  to  be  ascertained,  and  their  solubility  in  water,  alcohol,  and  oAer 
fluids  must  be  noted.  For  these  experiments  different  portions  must 
be  taken  and  separately  tested  in  the  manner  referred  to  ii 

A  drop  of  the  solution  may  also  be  evaporated  rapidly  nearly 
dryness,  and  allowed  to   crystallise  upon  the   slide  n-ilhom  bei| 
covered  over,  when  the  substance  will  often  be  found 
variety  of  beautiful  forms,  suet  as  crosslets,  dendritic  expangjons,  &c., 
which  vary  according  to  the  rapidity  with  which  the  evaporation  has 
been  conducted,  and  other  circ  urns  tan  ces. 

Mr.  Thomas  Davies  has  obtamed  some  beautiful  results  by 
tallising   mixed    salts,  some  of  which  exhibit  a  re-arrangement 
crystalline  form  after  fusion.     A  mixture  of  sulphate  of  copper 
sulphate  of  ma^nei^a,  and  sulphates  of  zinc  and  magnesia  form  good 
examples.     They  must  be  examined  with  the  aid  of  polarised  light 
and  a  sclenite  plate.     Sft  the  copies  of  the  photographs  of  the  salts 
in  Mr,  Davies's  second  paper  in  the  Microscopical  Journal  for  July, 
18C5,  p.  105. 

By  carefully    crystallising  a  soIutiOB  ■of  sulphate  of  copper  at 
various  d^ees  of  temperature,  Mr,  R.  Thomas,   of  Oxford,  h 
succeeded  in  obtaining  a  series  of  crystalline  fonns   of  a  peculi 
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I  character.  From  the  fact  that  throughout  the  series  the  crystals 
§  radiate  from  centres  in  a  more  or  less  spiral  manner,  Mr.  Thomas 
IS  designated  the  process  as  "  spiral  crystallisation," 
The  solution  of  sulphate  of  copper  is  evaporated  by  a  moderate 
heal,  until  an  uncrystallised  film  is  obtained.  This  film  being  sub- 
jected (after  the  manner  indicated  in  Mr.  Thomas'  paper,  contained 
in  the  Microscopical  Jouma!  for  July,  1866,  p.  177),  to  a  temperature 
of  about  60°  Fahrenheit,  a  number  of  foliated  crystals,  all  radiating 
from  centres,  appear.  There  is  in  this  stage  a  slight  curve  or  twist 
in  the  radiation,  and  this  constitutes  the  first  stage  of  the  spiral,  as 
represented  in  pi.  XLVIII,  fig.  306.  At  a  temperature  of  65",  a 
fiirther  advance  is  seen  in  the  direction  of  the  spiral,  fig.  307.  At 
70°  (fig.  308)  the  spiral  appearance  is  yet  more  distinct.  While  at 
temperatures  of  80°,  90°  and  100°,  the  lines  are  smaller  and  more 
numerous,  and  the  spiral  more  perfect  and  symmetrical,  fig.  309, 
Fig.  310  shows  a  perfectly  formed  crystal  which  had  been  allowed 
to  crystallise  upon  a  slide,  carefully  protected  from  dusL  Mr.  Thomas 
believes  that  these  crystals  are  in  reality  cones  standing  out  in  relief 
upon  the  glass  slide.     The  changes  in  form  which  occur  in  crystals  of 

I  the  double  salt,  sulphate  of  magnesia,  sulphate  of  zinc,  upon  the  appli- 
cation of  a  gentle  heat  subsequent  to  crystallisation  has  been  further 
prosecuted  by  Mr.  Thomas,  of  Oxford,  whose  figures  are  given  in 
■J)!.  XLIX.  Sx  also  Microscopical  Journal  for  April,  1866,  p.  137. 
SIS.  BxamliiBllon  of  CrjvMl*  under  tbe  Ntcraacapc. — Some 
crystals  which  have  been  entirely  separated  from  'the  fluid  in  which 
they  were  originally  deposited,  may  be  examined  in  the  dry  way,  in 
water,  or  other  fluid  in  which  they  are  known  to  be  insoluble,  or  in 
Canada  balsam  ;  but  as  a  general  rule,  it  is  necessary  to  examine  the 
crystals  as  they  lie  in  some  of  the  fluid  in  which  they  have  been 
formed.  When  they  have  been  obtained  by  allowing  a  concentrated 
solution  to  cool,  some  of  the  inspissated  fluid  must  be  removed  with 
the  crystals,  placed  upon  a  glass  slide  or  in  a  thin  glass  cell,  covered 
with  a  piece  of  thin  glass,  and  examined  in  the  usual  way — first  using 
a  low  power  (an  inch),  and  afierwards  a  higher  power  (a  quarter), 
because,  although  some  of  the  crystals  are  of  a  large  size,  others 
amongst  them,  the  form  of  which  is  very  perfect,  are  often  exceed- 
ingly minute.  The  crystals  and  ra other-liquor  should  not  be  exposed 
to  the  air  previous  to  examination,  for  in  many  instances  water  is 
absorbed,  and  partial  solution  takes  place. 

Sl«.  Prewrratlan  af  Crrital*  as  l^rmuieiit  Objeota. — The  pre- 
servation of  the  more  soluble  crystals  is  attended  with  the  greatest 
difficulty,  except  when  dried,  in  which  state  their  characters  under 
the  microscope  are  not  well  defined.     Crystals  which  very  readily 
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deliquesce  on  exposure  to  air,  must  be  dried  in  vacuo,  remove* 
(luickly  to  a.  cell,  the  cover  of  which  must  be  firmly  cemented  dowi 
al  once.     Some  crystals  may,  however,  be  dried   and  mounted  i 
Canada  Iwlsam ;  others,   such  as  oxalate   of  lime,  cystine,  iriplij 
phosphate,  &c.,  can  be  well  preserved  in  aqueous  solul 
ing  a  little  acid  in  the  case  of  the  two  former  substances,  or  i 
ammoniacal  salt,  in  the  latter  instance,  in  which  the  crystals 
known  to  be  insoluble.     Crystals  which  contain  water  of  crystallisi 
tion  must  be  preserved  in  a  drop  of  the  molher-Uquor ;  but  in  i: 
instances  they  alter  much  in  form,  and  when  (ve  come  to  examiiM 
them,  instead  of  finding  a  great  number  of  small,  well-formed  crystabjfl 
as  when  the  preparation  was  first  put  up,  nothing  remains  but  one  otil 
two  lar^e  ill-shaped  ones.    The  concentrated  mother-liquor  often  actvj 
uponthecement  with  which  the  glass  cover  is  fixed  on  tlie  cell, and  V 
soon  air  enters,  and  the  preparation  is  destroyed.    Many  crystals 
be  preserved  in  strong  glycerine  without  much  change  taking  plae 
!  have  some  crystals  of  Guinea-pig's  blood  which  have  been  preserved 
for  many  years  in  this  medium  and  have  undergone  little  change. 

Of  the  Hardening  Properties  of  Chemicai  Soliitiens. 

S19.  or  the   H«rd«nlnK  PropenlcR  of  Dlfl^rent   ChrmieBl  Roll 

tlooi. — The  consistence  of  many  tissues  is  so  soft  that  it  is  absolutel 
impossible  to  obtain  a  thin  section ;  while,  by  tearing  off  a  small 
piece,  the  relations  of  the  component  parts  is  usually  so  much  altered, 
as  to  render  the  specimen  useless  for  the  purpose  of  examination.  In 
this  case  our  only  chance  is  to  harden  the  texture  by  some  reagent 
such  a  manner  that,  although  its  microscopical  characters  are 
altered,  a  thin  section  may  be  readily  obtained. 

The  solution  employed  for  hardening  a  tissue  will  depend 
the  character  of  the  texture  itself.     Many  tissues  may  be  imm< 
in  alcohol,  others  may  with  advantage  be  soaked  in  a  weak  soluti< 
of  chromic  acid    Various  saline  solutions  are  also  sometimes 
ployed,  but  in  consequence  of  the  alteration  they  prodi 
texture  of  the  substance,  they  are  not  well  adapted  for  many  micro- 
scopical specimens.     Boiling  in  water,  is  often  resorted  to  for  the 
same  purpose.     In  this  way  very  thin  sections  of  such  textures 
muscular  fibre  may  be  obtained.     These  may  afterwards  be  rendereAl 
transparent  by  being  soaked  in  syrup  or  glycerine,  or  by  the  additif 
of  a  little  solution  of  caustic  soda  or  potash ;  nitric  acid  and  a  s( 
tion  of  pcrchloride  of  iron  have  also  been  employed  for 
some  Hssues. 

The  hardening  properties  of  the  solutions  just  referred  to,  depend 
essentially  upon  their  power  of  coagulating  albuminous  substances) 
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and  in  the  majority  of  instances  the  coagulation  is  associated  with  a 
certain  opacity  quite  incompatible  witti  the  satisfactory  examination 
of  the  tissue  by  transmitted  light,  and  as  1  have  before  hinted,  it  is 
absolutely  necessary  to  render  such  a  specimen  transparent  after  the 
thin  section  has  been  obtained,  p.  144.  It  is  well  to  bear  in  mind  that 
before  we  can  submit  many  soft  structures  to  microscopical  exami- 
nation, we  have  to  consider  what  chemical  substances  are  likely  to 
harden  them  in  the  most  advantageous  manner  for  cutting  thin  sec- 
tions, and  if  by  this  process  the  section  be  made  opaque  we  have 
further  to  consider  how  its  natural  transparency  may  be  restored.  The 
chemical  nature  of  the  substance  to  be  examined,  its  physical  proper- 
ties, its  refractive  power,  and  its  chemical  composition,  are  points 
which  it  is  most  desirable  that  every  microscopic  observer  should  be 
acquainted  with  before  he  commences  any  particular  investigation. 

1  have  succeeded  in  rendering  the  tissues  of  the  embrj-os  of  mam- 
malian animals  so  transparent  that  the  smallest  ossihc  points  can  be 
seen  in  the  temporary  cartilages.  To  dissect  thfse  bony  points  at  so 
early  a  period,  would  be  a  work  of  immense  labour,  but  by  merely 
soaking  the  whole  organism  in  the  solution,  they  become  beau- 
tifully distinct  The  embryo  is  to  be  immersed  in  alcohol  to  which 
a.  few  drops  of  solution  of  soda  have  been  added,  and  allowed 
to  remain  in  it  for  a  few  days.  When  the  action  has  taken  place,  it 
is  to  be  removed  and  preserved  permanently  in  weak  spirit  I  have 
a  beautiful  preparation  of  this  kind  which  has  been  kept  for  upwards 
of  ten  years.  The  principle  of  the  action  of  the  fluid  may  be 
explained  thus  : — alcohol  alone  tends  to  coagolate  albuminous  tex- 
tures and  render  them,  opaque,  at  the  same  time  that  it  hardens 
them.  The  alkali,  on  the  other  hand,  will  render  the  tissues  soft 
and  transparent,  and,  if  time  were  allowed,  would  cause  their  com- 
plete solution.  These  two  fluids  in  conjunction  harden  the  texture 
and  at  the  same  time  make  it  clear  and  transparent  Many  soft  tissues 
may  thus  be  hardened  sufficiently  to  enable  us  to  cut  very  thin  sections. 
Preparations  of  this  kind  show  how  much  may  be  effected  by  the 
use  of  very  ordinary  chemical  reagents.  Py  this  simple  process,  a 
minute  dissection  which  would  occupy  many  days  is  avoided,  the 
chance  of  losing  some  of  the  small  ossific  points  is  prevented,  while 
the  structures  are  displayed  far  more  distinctly  than  they  could  be 
by  the  most  careful  dissection.  . 

Doubtless  there  are  many  other  fluids  yet  to  be  applied  to  the 
purposes  of  investigation  of  much  greater  value  than  the  present  one, 
and  I  strongly  recommend  observers  to  take  up  this  branch  of  the 
enquiry  and  endeavour  to  discover  new  modes  of  preparing  textures 
which  shall  render  their  minute  structure  clearly  demonstrable. 
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B  is  the  spectrum  of  a  solution  of  logwood  in  water,  to  which 
bicarbonate  of  ammonia  has  been  added,  and  C  is  the  same  in 
the  case  of  Brazil  wood ;  and  the  difference  between  the  two 
is  shown  by  the  different  position  of  a  single  well-defined  absorp- 
tion band. 

D  is  the  spectrum  of  fresh  blood. 

E  is  the  spectrum  of  alkanet  root  in  ahim  with  a  little  alcohol 

F  is  the  qjcclrum  of  deoxidised  ammoniacal  hfematiitQ. 

These  three  show  very  well  how  closely  related  spectra  may  be 
easily  distinguished  by  the  different  position  and  relative  width  and 
darkness  <^the  bands. 

Many  coloured  substances  give  spectra  which  do  not  enablej 
us  to  decide  with  confidence  what  they  are,  Perhaps  some  hi 
dozen  substances  may  be  known  which  would  give  the  same 
result,  and  this  ^ectrum  may  only  serve  to  indicate  lo  what 
group  the  colour  belongs  ;  but  even  then,  supposing  it  be  a  solution, 
the  addition  of  some  reagent  may  at  once  show  which  particular 
substance  is  present.  For  example  solutions  of  Magenta  and  Brazil 
wood  both  give  a  single  well-defined  absorption  band  in  the  same 
position,  in  the  upper  part  of  the  green,  but  ammonia  produces 
no  change  in  Magenta,  and  great  change  in  the  Brazil  wood. 
Sulphate  of  soda  then  immediately  makes  the  Magenta  colouiless, 
but  does  not  change  the  Brazil  wood  except  by  gradual  fading  and 
decomposition.  It  is,  however,  extremely  difficult  to  distinguish 
some  substances,  especially  when  mixed  with  other  colours ;  but  still 
by  suitable  methods  many  can  be  recognised  without  difficulty 
under  most  unpromising  conditions.  This,  however,  is  more 
question  for  a  treatise  on  qualitative  analysis  by  means  of  the 
-Spectrum  microscope,  than  for  one  on  the  instrument  itself  and  the 
manner  of  using  it. 

Tt  must  not  be   thought  that  an  indefinite  quantity   of 
substance  will  give  a  characteristic  result.     If  too  little  is  present^ 
nothing  definite  can  be  seen ;  and,  if  there  is  too  much,  the  most 
characteristic  parts  of  the  spectrum  may  be  entirely  obscured.     For 
example  fresh  blood  gives  two  remarkably  well-defined   absorption 
liands  in  the  upper  part   of  the  green ;  but,  if  loo  little  is  presenl 
these  bands  are  very  faint,  and,  if  too  much  is  present,  all  the  light 
absorbed,  except  the  red  and  orange,  so  that  the  bands  cannot  be 
seen  at  all.     In  every  case  a  certain  amount  of  colour  gives  the  best! 
result;  and  though  at  first  this  may  appear  difficult  to  arrange,  yei 
after  a  little  experience  there  is  really  no  diflicully,  especially  if  w©- 
make  use  of  such  small  cells  as  are  shown  in  fig.  322.     These 
cut  from  barometer   tubes ;  and  I  find  that  the  most  convenient 
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l«2es  are  J-inch  long,  |th  inch  in  internal,  and  somewhat  under  ^  inch 
liin  external,  diameter.  These  are  ground  flat  at  each  end  and 
I  attached  with  Canada  balsam  near  one  edge  of  a  glass  plate,  so  ih^t 
l^ey  may  be  examined  either  end-ways,  by  laying  the  plate  flat  on  the 
iBtage  of  the  microscope,  or  side-ways,  by  leaning  the  glass  against  the 
I -side  of  the  objecl-glass.  If  then  the  colour  is  too  deep  in  the  line 
I  of  the  length,  the  tube  can  be  turned,  so  that  it  may  be  examined 
I  side-ways,  which  being  equivalent  to  using  :1th  the  quantity,  we  can 
I  easily  judge  what  amount  would  show  the  most  perfect  spectrum. 
I  The  cells  should  be  either  filled  level,  or  covered  with  a  piece  of 
'  thin  glass.  If  the  diameter  of  these  cells  be  less  than  jth  of  an 
inch,  it  is  difiicult  to  fill  and  empty  them  ;  and,  if  much  wider 
than  ith,  the  liquid  is  apt  to  nm  out  when  they  are  turned  over ;  but 
.    when  of  about  |th  wide  they  are  easily  filled  and  not  a  drop  of  lii|uid 

■  U  lost  even  when  they  are  turned  upside  down.     Almost  all  kinds  of 

■  testing  can  be  carried  on  in  these  cells,  and  they  may  be  easily  washed 
'    out  by  means  of  a  small  stream  of  water  blown  out  of  an  ordinary 

chemical  wash-bottle,  pi.  XXIl,  fig.  143.  Solid  or  liquid  reagents  can 
easily  be  added  and  stirred  up  by  means  of  a  moderately  stout  plati- 
num wire,  flattened  at  one  end,  and  turned  up  square  hke  a  small 
I  hoe.  I'he  great  advantage  of  these  cells  is  that  a  very  small  quantity 
I  of  materia!  is  required  (which  is  most  important  in  some  investiga- 
tions) ;  but  for  some  purposes  ordinary  lest-tubes  are  very  useful, 
L  and  especially  to  place  on  the  stage  attached  to  the  eye-piece  and 
j  compare  with  objects  on  the  stage  of  the  microscope.  These  can 
be  examined  only  at  the  sides  and  the  colour  must,  therefore,  be 
diluted  so  as  to  show  the  best  spectrum.  Wedge-shaped  cells  like 
fig'  3^5.  are  also  useful  in  order  to  study  the  effects  of  different 
thicknesses  of  solutions.     Colours  which  do  not  materially  change 

Ion  keeping  some  time  may  be  mounted  in  tubes,  see  fig.  326,  about 
J-inch  in  diameter  and  3  inches  long,  sealed  up  flat  at  the  bottom, 
and  drawn  out  capillary  at  its  top,  leaving  a  small  opening  through 
which  the  liquid  may  be  introduced  by  means  of  an  air  pump, 
afterwards  sealed  up  with  the  blow  pipe.  Many  mineral  salts  can 
thus  be  kept  for  an  indefinite  period ;  and  even  many  animal  and 
vegetable  colours  can  be  kept  for  a  year  or  more  always  ready  for 
examination. 
SX*.  ExamlnBllon  of  Blow>plp«  BcMlii  and  Solutlotu  In  Fell*. — 
The  coloured  beads  obtained  by  ordinary  blow-pipe  testing,  can 
easily  be  examined  by  the  spectrum  microscope ;  and  in  some  cases, 
give  very  satisfactory  results.  Some  crystals  also  are  excellent 
objects,  and  give  striking  spectra.  It  is  easy  to  select  such  as  give 
the  best  result,  or  to  cut  them  wedge-shaped,  and  thus  examine 
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the  effect  of  different  thicknesses.  Coloured  glasses 
shaped  are  also  very  interesting,  and  are  useful  to  compare  with  blow- 
pipe beads ;  but  for  actual  research,  no  branch  of  the  subject  is  so 
satislactoiy,  as  the  testing  of  minute  quantities  of  animal  and 
vegetable  substances  in  the  small  cells.  This  includes  the  detection 
of  blood-stains,  which  can  be  done  with  great  ease  and  certainly 
(Quart  Joum.  of  Science,  vol.  II,  p.  198) ;  the  detection  of  adultera- 
tion in  drugs  and  other  substances  met  with  in  commerce  ;  and  the 
determination  of  the  identity  of,  or  the  difference  between,  the  verj- 
numerous  colouring  mutters  met  with  in  plants.  In  a  number  of 
such  practical  questions,  special  methods  may  be  employed  witli 
advantage  ;  but  in  examining  an  unknovm  colouring  matter,  it  is  well 
to  adopt  a  definite  system,  so  as  to  be  able  to  decide  to  what 
ticular  group  it  belongs.  After  a  large  number  of  experiment!^  I 
found  that  it  is  easy  to  arrange  thcra  in  divisions  founded  on 
solubility  in  water  or  alcohol.     Thus— 

Division. 

Soluble  in  water  and  not  precipitated  by  alcohol 

Soluble  in  water  but  predpitated  by  alcohol 

Insoluble  in  water  but  soluble  in  alcohol    ... 

Insoluble  in  water  and  alcohol        

Then  we  may  divide  1,  2,  and  3,  into  groups,  founded  on  the  actioi 
of  sulphite  of  soda.  The  effect  of  this  reagent  is  very  remarkably 
related  to  the  spectra.  If  tlic  absorption  extends  from  the  blue  end 
continuously,  it  produces  no  change,  but  if  there  is  a  detached 
absorption  in  the  green  or  yellow  separated  from  tlie  blue  end  by  a 
more  transparent  space,  the  sulphite  in  certain  groups  of  colours 
removes  this,  and  leaves  the  absorption  in  the  blue  unchanged.  In 
some  colouring  matters  this  occurs  in  an  ammoniacal  solution,  and 
these  constitute  my  group  A,  In  others,  no  such  change  takes 
place  unless  the  solution  be  strongly  acid,  and  these  form  my  group 
B.  This  is  usually  quite  independent  of  decomposition,  and  the 
colour  is  restored  by  the  addition  of  ammonia.  Tliose  colours  which 
are  not  immediately  altered  when  the  solution  is  acid,  constitute 
my  group  C.  By  these  reactions,  mixtures  of  coloure  of  the 
different  groups  can  easily  be  recognised  ;  and  this  alone  may  often 
be  of  great  practical  iise.  Then,  in  order  to  diwde  these  into  sub- 
groups, 1  hivt  recourse  to  tiie  number  of  (fistinct  absorption  bands, 
when  the  neutral  colour  is  dissolved  in  water  or  alcohol,  or  when 
ammonia  is  added  to  each.  By  this  means  we  obtain  a  large  number 
of  sub-groups,  which  are  of  great  use  in  practical  researches.  It 
would  extend  this  account  to  an  unreasonable  length,  if  I  were  to 
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describe  this  subject  in  full  detail,  and  therefore  will  ^efer  to  my  paper 
in  the  Proceedings  of  the  Royal  Society  (1867,  vol.  XV,  p.  433)  for 
a  complete  account  of  the  general  method,  and  of  those  laws  which 
indicate  the  presence  of  one  or  more  colouring  matters  in  a  solution. 

SSI.  Hethofl  of  Heasuriiiff  the  Position  oC  Absorption  Bands. — 
In  order  to  measure  the  exact  position  of  absorption  bands,  5:c., 
seen  in  spectra,  I  have  contrived  a  small  apparatus,  which  gives  an 
interference  spectrum,  divided  by  black  bands  into  12  parts,  all  of 
equal  optical  value.  It  is  composed  of  two  NicoFs  prisms,  with  an 
intervening  plate  of  quartz,  about  '043  inch  thick,  cut  parallel  to  the 
principal  axis  of  the  crystal,  the  thickness  being  sa  adjusted,  that  the 
sodium  line  is  exactly  at  3^,  counting  the  bands  from  the  red  end 
towards  the  blue.  I  have  placed  such  standards  in  the  hands  of 
Mr.  Browning,  and  Messrs.  Beck,,  who  have  undertaken  to  prepare 
others  like  them. 

The  characters  of  this   scale  will    be  better  understood   from 

fig-  323,  pl-  L. 

In  the  spectrum  microscope  this  spectrum  is,  as  it  were,  in  direct 
contact  with  that  under  observation,  and  the  position  of  any  absorp- 
tion can  be  easily  measured  to  within  j^^th  part  of  the  width  of  the 
whole  spectrum.  Such  a  system  of  measurement  enables  us  to  adopt 
a  method  by  means  of  which  spectra  can  be  easily  described  in  notes, 
or  printed  by  means  of  ordinary  types.  In  order  to  express  the 
intensity  of  absorption,  I  make  use  of  the  following  symbols  :  — 

Not  at  all  shaded  Blank  space. 

Very  slightly  shaded  .  .  .,  Dots  with  wide  spaces. 

Decidedly  shaded  .  .  .  Dots  closer  together. 

More  shaded  ....  Very  close  dots.. 

Strongly  shaded,  hut  so  that  I 

a  trace  of  colour  is  still  >       --  -    Three  hyphens  close, 
seen  J 

Still  darker  —    Siiigle  dash. 

Nearly  black  Double  dash. 

Except  when  specially  requisite,  only  the  symbols  ...  —  — 
are  employed  for  the  sake  of  simplicity,  and  then  as  signs  of  the 
relative,  rather  than  of  the  absolute,  amount  of  absorption  ;  and  it 
is  assumed  that  there  is  a  gradual  shading  off  from  one  tint  to  the 
other,  unless  the  contrary  is  expressed.  This  is  done  by  means  of 
a  small  vertical  line  over  the  figure  {see  No.  11,  p.  227)  which  shows 
that  there  is  a  well-marked  division  between  them.      Definite  narrow 

absorption  bands  are  indicated  by  *  printed  over  their  centre.     This 
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will  be  better  understood  by  a  description  of  the  spectrum  of  de 
oxidised  haematin. 
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The  following  examples  will  show  how  simple  or  more  com- 
plicated spectra  may  thus  readily  be  printed  and  compared.  I  have 
chosen  solutions  of  similar  tint,  in  order  to  show  that  the  spectra  of 
those  of  nearly  the  same  colour  may  be  very  different,  or,  if  analogous, 
may  differ  in  details,  easily  expressed  by  the  symbols.  The  colour 
of  each  is  given  after  the  name.  Nos.  i,  3,  9,  10,  11,  12,  and  13 
can  be  kept  for  a  long  time,  sealed  up  in  tubes,  and  the  rest  are 
easily  prepared.  In  each  case  the  spectra  are  those  seen  with 
solutions  of  such  a  strength  as  gives  the  most  decided  results,  and 
shows  the  presence  or  absence  of  absorption  bands  to  the  greatest 
advantage. 

1.  Cudbear  in  alum  (Pink)    3 8        11.  — 

2.  Colour  of  elder  berries  with!  *i     o 

citric  acid.  (Red  Pink)  /     ^  *  "  ^^—^  -  -  9  •  •  •  '  I 

3.  Brazil  wood,  with  bicarbonate  1  ^ 

of  ammonia.  (Pink)  /     44  —  5  J 8 

4.  Logwood,  with  bicarbonate  of  1  ^ 

ammonia.  (Pink)  J      3  J  —  5^ 7 

The  next  four  are  spectra  of  blood,  produced  by  the  successive 
addition  of  the  various  reagents,  as  in  detecting  fresh  stains. 

5.     Fresh  blood.         (Pale  Scarlet)     z\—a,\        4}  — 5  J        7  .  .  8  -  -  9— 


J      i^  ...  2^    4  •  •  *  ^  ••• 


6.  Citric  acid  then  added. 

(PaU  Brown)  J  if  ...  2^    4  ...  8  ...  9 10— 

7.  Ammonia  then  added.  1  •  • 

(Pale  Brawn)]  3i  •  •  •  4|    4i  •  •  •  5f     7  .  .  8  -  -  -  10— 

8.  Deoxidised    hxmatin,     froml  ^  ^ 

blood  stain  a  yrs.  old.  (A>fi)  /  4|— s       5^  •  .  .  6}      9..10.-.11— 
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With  these  may  be  compared  the  two  spectra  which  more  nearly 
resemble  those  produced  by  blood  than  any  I  have  yet  seen. 

9.  Cochineal  in  alum.        (Pink)        3f  —4^  •  •  •  5i  -  •  •  6J  .  .  .  7* 
10.  Alkanet  root  in  alum.    {Pink)        ^^  —  4J        Si  •  •  •  5l 

The  following  spectra  of  compounds  derived  from  chlorophyll, 
are  as  complicated  as  any  I  have  met  with. 

1 1.  Normal  chlorophyll  "1  . 

in  alcohol  r     7  *  ^n        -,1        .i     aa         -i 


12.  Ditto,  as  decom- 
posed by  acids,  or 
as  found  in  some 
leaves. 

(Olive  Green) 

13.  Ditto,  as  decom-  ' 
posed   by  caustic 
potash,  and  then 
by     hydrochloric 
acid. 
(Red-Green^  Neu 


\  1-2^    2j  -*  3J  4i  . .  Si  -*  Sf  .  .  6}  -  *-7f  8i.  - .  9l— 


•  •  •  • 

i— I    li  — 1}    ij  — 2*    4l- •-  S^- •  .9-- 10  — 


tral 


Tint)  J 


In  many  cases  the  position  of  the  centre  of  the  absorption  bands 
is  very  characteristic  of  the  different  substances,  and  we  may  easily 
express  their  differences  by  writing  the  division,  group,  sub-group» 
and  position  of  the  bands,  in  the  following  manner : — 

Purple  pansy     i,A,aqo  ami  (4). 
Brazil  wood       i,C,aqi  (5^). 
Logwood  i,C,aqi  (4J). 

These  signify  that  the  colour  of  the  purple  pansy  is  soluble  in 
water  and  not  precipitated  by  alcohol — that  sulphite  of  soda  removes 
the  absorption  band  when  added  to  the  ammoniacal  solution — that 
there  is  no  absorption  band  in  the  neutral  solution,  but  that  on 
adding  ammonia  a  single  absorption  band  is  developed,  whose  centre 
is  at  4.  In  the  case  of  Brazil  wood  and  logwood,  they  signify  that 
the  colour  is  also  soluble  in  water  and  not  precipitated  by  alcohol — 
that  sulphite  of  soda  has  no  action  on  either  an  acid  or  alkaline  solu- 
tion— that  in  each  there  is  a  single  absorption  band  in  the  neutral 
aqueous  solution,  situated  in  different  positions  in  the  two  colours,  as 
shown  by  fig.  321,  B  and  C. 

I  trust  that  this  brief  description  will  show  that  in  practical 
working  a  great  deal  may  be  easily  expressed  by  very  simple  symbols. 
We  may  soon  decide  to  which  group  and  sub-group  any  colour 
belongs ;  and,  if  we  had  a  table  of  various  known  colours,  arranged 
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according  to  these  principles,  we  might  often  soon  ascertain  its  true 
nature.  Of  course  there  are  many  ]x>ints  requiring  special  attention, 
which,  as  already  remarked,  more  strictly  belong  to  chemistry  than  to 
a  work  on  the  microscope ;  and  therefore  I  have  confined  myself 
merely  to  an  account  of  some  of  the  leading  principles  involved  in 
this  method  of  qualitative  analysis. 

8SS.  Sulistaiiees  sfTlBir  weU-mmrked  Absorptloii  Bands. —  The 
following  is  a  list  of  some  objects,  giving  more  or  less  well- 
marked  absorption  bands,  which  can  easily  be  prepared  for  examina- 
tion : — 

To  he  examimd  at  oticcy  not  keeping  well  when  diluted. 

Blood  in  water. 

Magenta,  in  water  or  alcohol. 

Mauve  in  alcohol. 

Aniline  blue  in  alcohoL 

Brazil  wood  in  water  alone,  and  with  bicarbonate  of  ammonia. 

Logwood  ditto  ditto. 

Blue  Lobelia  flowers  in  water. 

Keeping  well  for  many  months. 

Deoxidised  ammoniacal  hsematin  in  water. 

Alkanet  root  in  alcohol,  with  a  little  acetic  acid. 

Alkanet  root  in  alum,  with  a  little  alcohol. 

Colour  of  red  Cineraria  flowers  in  syrup. 

Cochineal  in  water. 

Cochineal  in  alum. 

Chlorophyll  in  alcohoL 

Chlorophyll  in  alcohol,  with  a  little  hydrochloric  acid. 

Keeping  well,  probably  for  an  indefinitely  long  time. 

Permanganate  of  potash  in  water,  sealed  up  in  a  tube  of  glass 

which  contains  no  lead. 
Urano-uranic  sulphate  in  water. 
Chloride  of  cobalt  in  water. 
Chloride  of  cobalt  in  a  strong  aqueous  solution  of  chloride 

of  calcium. 
Chloride  of  cobalt  in  absolute  alcohol. 
Crystals  of  binoxalate  of  chromium  and  potash. 

„  perchlorate  of  potash  coloured  with  a  little  per- 

manganate of  potash, 
native  phosphate  of  uranium. 


»> 


» 


>» 


» 


acetate  of  uranium. 

chloride  of  cobalt. 

binoxalate  or  chromium  and  soda. 
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PART  IV. 


ON  TAKING  PHOTOGRAPHS  OF  MICROSCOPIC  OBJECTS. — APPARATUS. 
— ILLUMINATION.— CHEMICAL  SOLUTIONS. — PRACTICAL  MANIPU- 
LATION.— PRINTING. — PHOTOGRAPHS   FOR  THE  MAGIC   LANTERN. 

Since  the  last  edition  of  this  work  was  published  in  August,  1864, 
some  valuable  improvements  have  been  introduced  in  the  method 
of  taking  microscopical  photographs,  and  it  seems  probable  that 
before  very  long  far  greater  perfection  in  the  results  will  be  obtained 
than  was  supposed  to  be  possible  at  that  time.  My  friend,  Dr. 
Maddox,  has  continued  his  experimental  investigations  and  with 
continually  increasing  success ;  and  many  observers  in  Germany  and 
France,  as  well  as  in  this  country,  have  produced  beautiful  pho- 
tographs of  various  kinds  of  objects.  But  perhaps  the  most  remark- 
able advances  have  been  m^de  in  America.  The  authorities  in  the 
War  Department  recognising  at  once  the  high  importance  of  photo- 
graphic representations  of  microscopical  specimens  have  issued  a 
report  in  which  will  be  found  the  results  of  the  researches  of 
Brevet  Lieut-Colonel  Dr.  J.  J.  Woodward  and  Brevet  Major  Dr.  F. 
Curtis.  This  report  is  most  admirable.  The  drawings  are  beau- 
tifully executed,  the  paper  well  adapted  for  them,  and  the  printing 
excellent,  contrasting  remarkably  in  all  these  points  with  the  rough 
looking  blue  books  issued  under  the  authority  of  our  Govern- 
ment. 

It  seems  to  me  very  hard  that  our  statesmen  do  not  more  dis- 
tinctly indicate  that  they  fully  appreciate  the  high  importance  of 
purely  scientific  investigation  than  has  been  the  custom  hitherto,  and 
our  Government  clearly  ought  to  take  a  very  active  part  in  advancing 
new  methods  of  enquiry,  particularly  in  connection  with  naval  and 
military  medicine  and  surgery.  In  the  medical  department  of  our 
army  and  navy  there  are  to  my  knowledge  scientific  men  as  able 
and  as  willing  to  devote  themselves  to  scientific  work  as  any  in  the 
world,  but  they  have  no  opportunity,  and  little  or  no  encouragement 
seems  to  be  afforded  by  the  high  military  authorities.  I  append  an 
extract  from  p.  149,  Circular  No.  6,  Nov.  1865,  War  Department, 
Surgeon-GeneraFs  Office,  Washington,  and  hope  that  it  may  perchance 
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be  brought  under  the  notice  of  some  of  those  who  alone  have  i 
to  forward  or  obstruct  scientific  progress  in  the  departments  u 
Government  control.* 

"  With  low  powers  no  serious  obstacle  was  encountered  in  obtain* 
ing  excellent  photographs  of  properly  selected  preparations.  The 
higher  powers  offered  difficulties  most  of  which  however  have  been 
overcome.  In  experimenting  with  the  higher  powers,  the  lined  dia- 
tomac:B  were  selected  as  test  objects  on  account  of  their  definite 
and  well-known  structure.  With  these  the  utmost  success  has  been 
realised.  A  photograph  of  G>Tosigma  angulaCura  (Navicula  angulata) 
has  been  obtained,  for  example,  magnified  about  7,000  diameters  in 
which  the  hexagons  appear  of  the  same  size  and  nearly  as  distinct  as 
in  the  cut,  which  was  made  by  transferring  to  wood  a  tracing  from  the 
original  photograph.  In  fact,  any  of  the  markings  on  the  diatoms 
that  are  visible  with  the  microscope  can  be  photographed  with  the 
utmost  clearness  and  ease,  and  the  time  has  arrived  when  the  inabi- 
lity to  photograph  alleged  markings  will  throw  doubts  on  the  correct- j 
ness  of  the  obsen'ers  who  have  supposed  they  saw  them.  The  pUu 
employed  in  the  photographic  work  hitherto  executed  with  hi^'l 
powers  is  as  follows  ;  The  direct  rays  of  the  sun  reflected  in  a  COO'I 
stant  direction  from  the  mirror  of  a  Silbermann's  heliostat  (loaned  (i 
the  purpose  by  the  Coast  Survey),  are"  condensed  by  a  large  lens  T 
upon  the  plane  mirror  of  the  microscope,  whence  they  are  reflected 
through  the  achromatic  condenser  in  the  usual  way.  Before  reaching 
the  achromatic  condenser,  however,  the  rays  pass  through  a  cell  con- 
taining a  solution  of  the  ammonio-sulphaie  of  copper  of  sufficient 
density  to  absorb  nearly  all  the  rays  except  those  at  the  violet  end 
of  the  spectrum.  The  light  used,  therefore,  is  essentially  monochro- 
matic, and  contains,  with  enough  illumination  for  agreeable  vision, 
the  greater  part  of  (he  actinic  force  of  the  sun's  rays.  The  heating 
rays  being  chiefly  at  the  other  extremity  of  the  spectrum  are  of  course 
excluded  and  great  actinic  force  is  obtained,  therefore,  m'thout  any 
danger  to  the  preparations,  or  the  balsam  cementing  of  the  object- 
glasses.     The  object-glass  employed  in  the  photograph  of  GjTosigma 


*  I  believe  thkt  it  would  he  innit  difficult,   if  not  iclu^Iy  impossibli 
oar  GovcniRienI  at  ihU  lime   to   iss-ue  a  report  of  the  chararter  c^  thai 
which  the  extract  is  taken,  Kupporing  that  the  actual  work  bad  been  done  by 
private  penons  and  placed  al  the  disposal  of  [he  Stale.     The  paper  of  our  Blue 
Books  ii  loo  coane,  and  the  printing  loo  rough  for  scientific  memoirs.     Let  tlie 
reader,  for  instance,  compare  the  plates  accoropanyinE  my  repioil  on  Ihe  Cat 
Plague,  which  were  printed  by  Government,  with  those  in  the  present  work. 
contrast    between  the   Icxt    of  Govemment    and   private  works    is  still 
ariUag. 
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above  allij  Jed  to  was  a  one-eighth  of  an  inch,  by  W.  Wales  and  Co., 
of  Fort  Lee,  New  Jersey.  This  glass  is  so  constructed  as  (o  bring  ihe 
actinic  mys  to  a  focus.  At  the  bottom  of  the  draw  tube  was  placed 
an  achromatic  concave  lens — the  amph'fier  of  Tolles  (of  Canastota, 
N.  Y.),  and  an  ordinary  medium  eye-piece  completed  the  optical 
apparatus,  The  eye-piece  extremity  of  the  microscope  was  thrust 
into  one  end  of  a  long  cameta-box,  the  connection  made  light-tight  by 
means  of  a  black  silk  hood,  and  the  image  received  on  a  piece  of 
plate  glass,  observed  by  means  of  a  focussing  glass,  while  the  focal 
adjustments  were  made.  As  with  the  very  long  camera  used,  the  arm 
of  the  observer  cannot  reach  the  milled  head  of  the  fine  adjustment 
of  the  microscope,  this  head  was  grooved,  and  connected  by  a  band 
with  a  grooved  w^heel  at  the  end  of  a  long  steel  rod,  the  other 
extremity  of  which  is  neat  the  observer,  who,  by  means  of  it,  can 
focus  accurately  with  any  required  length  of  camera.  There  is  nothing 
peculiar  in  the  chemicals  empli^ed,  and  with  oniinary  collodion,  and 
the  high- power  above  spoken  of,  from  thirty  to  forty  seconds  expo- 
sure was  quite  sufficient.  Of  the  foregoing  devices  most  importance 
is  to  be  attached  to  the  employment  of  monochromatic  light  (the 
violet  end  of  the  spectrum),  and  the  use  of  an  object-glass  con- 
structed with  special  reference  to  the  actinic  rays.  Both  these  points 
were  suggested  to  me  by  Mr.  L.  W.  Rutherfurd,  of  New  York,  so 
well  known  by  his  connection  with  telescopic  photography,  who  has 
thou^t  much,  and  made  many  satisfactory  experiments  in  this  direc- 
tion. I  believe,  however,  that  the  apparatus  as  above  described, 
loses  some  of  its  advantages  by  the  use  of  the  eye-piece  which  I  pro- 
pose to  substitute  by  a  letts  of  proper  magnifying  power,  corrected, 
like  the  oliject-glass,  in  such  a  way  as  to  bring  to  a  focus  the  actinic 
rays.  Such  a  lens  is  now  in  process  of  construction  for  further 
experiment  The  pathological  photographs  hitherto  satisfactorily 
^(ecuted  in  the  Museum  have  chiefly  been  made  with  moderate 
magnifying  powers,  twelve  to  fifty  diameters,  though  some  experi- 
ments with  high  powers  justify  me  in  the  belief  that  with  the  improve- 
ments above  described,  al!  that  is  desired  in  this  direction  can  be 
attained.  Among  these  experiments  I  may  particularly  mention  a  view 
magnified  about  four  hundred  diameters,  of  the  polygonal  cells  and 
flat  chdesterin  tables  of  a  cholesteatoma,  which  was  found  on  the 
inner  surface  of  the  frontal  bone  of  a  soldier  who  died  of  epilepsy  in 
the  neighbourhood  of  Washington." 

Such  an  extract  is  enough  to  show  the  activity  and  usefulness  of 
the  department  by  which  it  is  issued,  and  is  in  the  highest  degree 
creditable  to  those  who  performed  the  work,  and  to  the  Government 
which  sanctioned  and  encouraged  its  prosecution. 
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33S.  Ulator;  at  ibc  A piiU (ration  of  maWKraph]'  lo  Il>«  nirrvuopr. 

— Mr.  Dancer,  about  1840,  produced  phologtaphs  of  microscopic 
objects  by  the  ^m  mitroscope,  the  images  being  taken  upon  silvered 
plates;  aUo  images  of  sections  of  wood,  fossils,  &c.,  were  reproduced 
on  paper  and  glass  plates  by  means  of  tlie  solar  microscope.  In 
1841,  Mr.  Richaid  Hodgson  obtained  excellent  daguerreotypes  of 
microscopic  objects.  The  Rev,  Messrs.  Reade  and  KJngsley  were  early 
authorities  in  the  employment  of  photography  in  this  manner ;  also 
Mr.  Talbot.  Dr.  DonniJ,  of  Paris,  in  1 840,  presented  to  the  Academy 
of  Sciences  copies  of  various  microscopic  objects  on  daguerrcot)i)e 
plates  ;  and  in  1S45,  conjointly  with  M.  L6jn  Foiicault,  published 
an  Adas  of  Microscopic  Anatomy,  in  which  the  engravings  were 
printed  from  daguerreotype  plates,  which  after  exposure  and  deve- 
lopment had  been  chemically  etched.  The  delicacy  of  these  illustra- 
tions was  very  marked,  but  the  plates  permitted  comparatively  few 
impressions  lo  be  slnick  off  before  giving  evidence  of  injury. 

In  October,  185a,  a  paper  by  Mr.  Joseph  Delves  was  presented 
to  the  Microscopical  Society  of  London,  and  in  the  following  number 
of  the  "  Quarterly  Journal  of  Microscopical  Science,"  some  beautiful 
specimens  of  prints  from  Mr.  Delves'  collodion  negatives  were  issued 
by  the  then  publisher,  Mr.  Highley.  This  was  one  of  the  earliest 
publications  in  this  country  with  photographic  illustrations  of  micro- 
scopic specimens.  In  the  same  journal  is  a  valuable  contribution 
by  Mr.  G.  Shadbolt.  Since  that  [>eriod  the  employment  of  photo- 
graphy in  this  way  has  become  general ;  doubtless  many  have  been 
occupied  with  it  whose  names  are  not  familiar  to  us.  In  Paris 
M.  Nachet  and  M.  Berlsch  have  obtained  excellent  results.  In 
Germany,  Gerlach,  Albert,  Mayer,  Kolmnnn  of  Munich,  Hclwig  of 
Mayence,  and  many  others  have  illustrated  memoirs  with  photo- 
graphic plates.  Sir  D.  Brewster,  in  his  article  Microscope,  " 
clopfcdia  Brilannica,"  lost  edition,  speaks  very  highly  of 
photomicrographs  exhibited  at  the  Academy  of  Sciences,  Paris,  in 
'857,  by  M.  Bertsch,  the  focal  length  of  the  objective  used  being 
half  a  millimetre.  The  objects,  a  diatom  from  guano  magnified 
500  diam. ;  two  specimens  of  navicula,  one  x  800,  the  other  X  500, 
the  field  being  rendered  nearly  dark  by  oblique  illumination  ;  hum.in 
blood  globules  x  500 ;  and  two  pictures  of  salicine.  one  taken  by 
polarised  light.  M.  Harlnach,  Sir  D.  Brewster  says,  has  constructed 
a  complete  instrument  for  M.  Bertsch,  the  range  being  from  50  to 
1,000  diameters,  and  from  50  to  150  diameters  for  opaque  objects. 
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The  extreme  detail,  beauty  of  texture,  and  sharp  delineation  of  the 
objects  in  the  prints  from  Mr.  Delves*  negatives  marked  a  very  im- 
portant step.  The  frontispiece  to  this  work  was  obtained  by  Dr. 
Maddox  in  the  following  manner,  as  described  in  a  note  to  me  : — 

"  Prints  selected  from  some  of  my  negatives,  representing  objects 
magnified  in  various  degrees,  varying  from  the  i^  inch  objective 
to  the  T^ffth,  were  placed  on  a  card  in  such  a  manner  as  to  try  to 
balance  each  other  in  their  effects,  and  such  size  of  card  adopted 
that,  when  reduced  one-half y  it  might  correspond  with  the  dimensions 
chosen  by  yourself  for  the  plate.  The  card  of  prints  being  placed 
at  the  requisite  distance,  a  Ross'  15-inch  focus  landscape  lens  was 
used  ,to  obtain  the  negative  copies. 

"To  render  the  minutest  line,  especially  in  the  Pleurosigma 
angulatum,  well  evident  in  the  negative,  it  was  necessary  not  to 
carry  the  development  or  intensifying  process  too  far,  or  these  became 
filled  up  and  much  obscured,  hence  the  interspaces  between  the 
figures  allowed  a  little  light  to  pass;  as  this  seemed  detrimental 
and  rendered  the  figures  less  effective  in  appearance,  these  parts 
have  been  painted  out. 

**  The  illustrations  were  photographed  with  the  objective  stated  in 
the  *  explanation.*  The  -^xh  objective  was  made  by  Mr.  Wenham, 
and  through  his  liberality  placed  at  my  service." 

Many  of  these  photographs  require  a  magnifying  glass  to  bring 
out  their  detail. 

My  friend  Dr.  Dean,  of  Boston,  U.S.,  sent  me  some  very  perfect 
photographs  of  sections  of  the  medulla  oblongata,  taken  with  the 
low  powers.  These  are  by  far  the  most  perfect  photographic  illus- 
trations of  strucftures  from  the  higher  animals  that  I  have  seen. 
(**  The  Grey  Substance  of  the  Medulla  Oblongata  and  Trapezium,"  by 
John  Dean,  M.D.,  Smithsonian  Contributions  to  Knowledge,  173. 
Washington,  1864.)  These  photographs  were  also  successfully 
printed  by  photolithography.  Dr.  Duchenne,  of  Boulogne,  also  ob- 
tained some  very  successful  results  with  anatomical  structures,  and 
M.  Rouget  has  employed  the  same  means  in  the  ordinary  way  and 
stereoscopically,  to  illustrate  some  of  his  views  in  minute  struc- 
ture. 

In  1865,  Dr.  A.  Helwig,  of  Mayence,  published  his  work  on  the 
Crystalline  Forms  of  Alkaloids,  and  their  Sublimates,  &c.,  illustrated 
by  a  large  number  of  photomicrographs.  Dr.  Moitessier  has  also 
adorned  his  book  on  photomicrography,  "  La  Photographie  Appli- 
qu^e  aux  Recherches  Micrographiques,  1866,"  with  three  photograph 
plates  of  various  objects. 

Dr.  Draper,  of  America,  employed  for  many  of  the  plates  in  his 


234 


HOW  TO  WORK 


work  on  Anatomy  and  Physiology  woodcuts  from  photographs  of  ihe 
microscopic  objects,  and  Dr.  Herapath,  of  Bristol,  adopted  a  similar 
method  for  his  paper  on  the  Spicules  and  Plates  of  Synapta,  pub- 
lished in  the  Quarterly  Journal  Mic.  Science. 

Photography  has  been  used  by  Dr.  Maddox  to  illustrate  a  papec- 
presentcd  to  the  Royal  Society,  June,  1867  ;  the  photographs  beti 
made  from  an  aquatic  Larva  whilst  living. 

Many  anatomical  specimens,  however,  cantwt  be  copied 
photography,  especially  if  they  be  very  thick.  The  yellow  colour 
of  the  tissue  in  most  instances  precludes  the  possibility  of  making 
photograph  of  it,  as  tlie  transmission  of  the  light  is  so  much  interfered 
with;  and  this  is  an  especial  objection  in  the  case  of  injections 
viewed  as  transparent  objects,  for  the  tissue  intervening  between  the 
vessels  is  often  so  yellow  that  these  intervals  in  the  photograph 
become  as  dark  as  the  vessels  themselves.  My  friend  Dr.  Julius 
Pollock  has  nevertheless  succeeded  in  obtaining  for  me  some  very 
tolerable  copies  of  injections  of  the  distribution  of  the  ducts  in  the 
liver.  By  practice,  doubtless,  many  improvements  in  the  process  of 
taking  photographs  of  such  microscopic  objects  would  be  etfected. 

When  only  few  copies  of  a  work  are  required,  the  researches  may 
be  very  cheaply  illustrated  by  taking  photographs  of  drawings.     A 
laige    drawing  of  the  object  must  first  be  made   in    the   manner 
described   in  p.  27,     From  this  a  negative  reduced  to  the  proper 
size  is  taken,  from  which  any  number  of  copies  may  be  obtained. 
In  this  manner  I  have  illustrated  my  memoir  on  the  anatonrj-  of  the 
liver,    with  upwards   of  sixty    illustrations    (The   Anatomy  of  the] 
Liver,   1S56).    The  results  were  not  so  satisfactory  as  they 
have  been,  but  as  all  these  prints  were  prepared  at  home  with  vi 
hmited  appliance.s,  very  good  prints  could  not  be  looked  for,    Whi 
many  copies  of  a  work  are  likely  to  be  required,  this  mode  of  illi 
tration  is  not  applicable,  as  the  original  cost  of  engraving  would 
be  covered  ;  but  when  only  a  fan  copies  of  ^  great  number  of  drai 
ings  are  wanted,  this  plan  possesses  decidetl  advantages. 

From  the  great  success  of  Mr.  Walter  \\'oodbiiiy's  and  Mr.  Swan' 
process  of  carbon  printing,  and  the  facility  with  which  large  numbers 
prints  can  be  produced,  there  seems  every  chance  that  the  cost  of  illus- 
tration will  be  materially  lessened,  and  greater  permanence  secured. 

ax4.  lUumlnumn. — Different  modes  of  illumination  have  been 
employed.  Mr.  Delves  has  used  sunlight.  Mr.  Shadbolt,  in  185a, 
tried  some  experiments  with  artificial  light,  and  succeeded  satis- 
factorily with  a  small  cnmphine  lamp.  Mr.  G.  Busk  employed 
gaslight  from  an  ai^and  burner  in  1854;  and  in  November  of  the 
same  year  Mr,  Wenham  states  that,  although  with  the  use  of  camphine 
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and  gaslight  he  was  dissatisfied,  yet  the  succession  of  electric 
sparks  (about  100),  from  a  small  Leyden  jar  of  30  inches  coated 
surface,  gave  actinic  rays  of  sufficient  intensity  to  produce  a  good 
impression  on  a  sensitive  collodion  plate.  Mr.  Wenham,  how- 
ever, upon  the  whole  gave  the  preference  to  sunlight  Mr.  Howlett 
also  used  sunlight,  and  condensed  it  from  a  plane  mirror  or  solar 
reflector  by  a  six-inch  double  convex  lens.  The  Rev.  Mr.  Kingsley 
with  a  special  apparatus  used  the  hydro-oxygen  light  and  a  screen 
of  esculine.  Mr.  Bockett,  in  1862,  tried  diffused  daylight,  allow- 
ing in  some  cases  an  exposure  of  from  four  to  eight  minutes. 
Dr.  Maddox,  in  1864,  succeeded,  by  using  the  brilliant  light  emitted 
on  the  combustion  of  magnesium  wire  (i^  inch)  held  in  the  flame 
of  a  small  spirit  lamp,  and  condensed  by  an  ordinary  condensing 
lens.  Mr.  Durham  also  now  uses  gas  and  daylight  illumination  very 
successfully. 


APPARATUS. 

Two  modes  of  arranging  the  apparatus  have  been  devised.  In 
the  first,  the  ordinary  compound  microscope  is  placed  horizontally 
in  connection  with  an  ordinary  camera  by  inserting  the  eye-piece 
end  (the  eye-piece  being  removed)  into  the  brass  setting  of  a  well- 
made  portrait  combination  (the  lenses  having  been  removed),  and 
the  aperture  around  the  body  of  the  microscope  perfectly  closed  by 
any  simple  method,  as  a  card  cap  or  cone  of  black  cloth  or  velvet 
attached  to  both. 

In  the  second,  the  ordinary  micjoscope  is  dispensed  with,  the 
objective,  stage,  and  mirror  being  adapted  to  the  front  of  a  well-made 
camera  in  the  place  of  the  usual  combination  ;  proper  arrangements 
being  made  for  holding  the  object,  supporting  the  mirror,  and  adjust- 
ing the  different  special  parts.  The  pocket  microscope  described  in 
p.  14,  may  be  adapted  to  the  camera. 

855.  Camera  with  ObJecUGlastes  and  Sta^e  adapted  to  It. — The 
apparatus  used  by  Mr.  Delves  was  brought  before  the  public  by 
Mr.  Highley,  and  very  much  perfected  by  him.  This  form  of 
apparatus  attracted  considerable  attention  at  the  late  International 
Exhibition.  M.  Duboscq  also  exhibited  this  arrangement  It  seems 
to  meet  most  requirements  for  moderate  distances,  but  demands 
especial  outlay.  Mr.  Highley  has  lately  introduced  further  improve- 
ments, which  make  his  apparatus  still  more  perfect      See  pi.  LI,  fig. 

329- 

856.  Hr.    Wenham's  Arransements    without    a   Camera. — Mr. 
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Wenham  dispenses  with  ihe  use  of  the  ordinarj'  camera,  and  yi 
attains  its  purpose  most  completely  with  sundry  advantages, 
advises  a  room  Co  be  selected  having  a  window  or  a{>eiture  wil 
free  access  to  sunlight  This  is  closed  by  a  shutter  having  a  hoi 
about  3  inches  in  diameter;  upon  the  outside  of  this  aperture  is 
arranged  a  solar  reflector  or  plane  mirror,  in  such  a.  manner  as  to 
be  capable  of  being  worked  round  its  centre  at  the  necessary  angle, 
on  the  outside,  by  passing  the  hand  through  another  hole  in  the 
shutter  to  the  margin  of  which  a  flexible  sleeve  is  attached.  The 
microscope  body  is  arranged  liorizontally  on  a  table  or  bench,  so 
that  its  axis  corresponds  lo  the  centre  of  the  aperture.  The  stage 
with  the  object  slide  clamped  on  it  in  proper  position,  is  placed  near 
this  aperture  on  the  inside,  the  light  around  the  stage  being  shut  off 
by  a  piece  of  black  cloth.  On  the  bench  a  vertical  stand,  consisting 
of  a  board  with  a  heavy  base,  is  placed  at  any  desirable  distance  from 
tlie  eye^nd  of  tlie  microscope ;  this  board  is  supplied  with  [wo> 
"  under-cut  fillets "  to  bold  the  sensitised  plate  when  ready.  Th) 
mirror  is  first  properly  arranged  so  as  to  throw  an  equal  illuminatii 
on  the  vertical  frame-board,  a  card  being  previously  placed  in 
exact  plane  lo  be  occupied  by  the  prepared  plate.  The  image  la 
now  focussed  on  the  card.  Supposing  the  operation  of  exciting  the 
plate  to  be  done  in  the  sanie  room,  sufficient  light  for  the  purpose  is 
admitted  through  a  small  pane  of  yellow  orange  non-actinic  glass  let 
into  the  top  part  of  the  shutter.  Wlien  ready  the  card  is  removed 
and  placed  against  the  open  end  of  the  microscope  tube,  so  as  to 
cut  off  all  light  through  it,  the  plate  is  drained  and  placed  on 
\ertical  frame,  the  card  quickly  lifted  and  replaced  against  the 
of  the  tube  in  periods  varying,  according  to  the  time  of  exposi 
necessary,  from  part  of  a  second  to  half  a  minute,  The  time  requi 
will  vary  according  to  the  quality  of  the  light,  the  sensibility  to  it 
the  collodion  or  other  material  used,  and  the  facility  with  which 
aclinic  rays  pass  through  the  object 

Mr.  Wenham  enumerates  several  advantages  combined  in  this 
method.  The  length  of  base-board  is  limited  only  by  the  dimensions 
of  the  room.  The  ease  with  which  any  object  can  be  included  in  a 
definite  space,  Facility  in  focussing — a  means  of  so  placing  the 
i.-ard  or  sensitised  plate  at  any  angle  to  the  axis  of  the  microscope 
that  the  surface  may  be  made  parallel  to  objects  lying  a  little  out 
one  plane,  and  by  having  a  series  of  paper  stops  at  hand, 
situated  in  planes,  slightly  removed  from  each  other,  can  be  foci 
and  impressed  alternately.  Then  while  the  first  part  is  being 
pressed,  the  other  part  is  stopped  off,  this  is  then  stopped  oftj  the 
other  part  focussed  and  its  image  allowed  to  fall  in  its  turn  on  the 
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unaffected  portion  of  the  prepared  plate.  Again,  the  thicker  and 
thinner  parts  of  the  same  object  may  be  exposed  for  different  periods 
of  time,  by  which  a  uniform  intensity  may  be  obtained  in  spite  of 
the  variable  transparency  of  different  parts. 

For  the  low  powers  the  plane  mirror,  but  for  the  |-inch  objective 
and  higher  powers  some  form  of  condenser  is  used,  as  a  bulPs-eye 
lens,  about  3  inches  diameter.  But  for  the  finer  forms  of  objects, 
as  diatoms,  the  bulPs-eye  lens  is  to  be  combined  with  a  condenser 
of  the  form  proposed  by  him  in  April,  1861,  for  his  binocular  micro- 
scope. This  consists  of  a  set  of  three  plano-convex  lenses  varying  in 
diameter  from  about  i  j-  inch  to  -J-  an  inch,  placed  near  to  each  other 
with  their  flat  surfaces  towards  the  object.  These  combined  possess 
a  very  large  angle  of  aperture.  The  small  lens  being  made  separable 
from  the  others,  a  lai^e  field  of  illumination  could  be  obtained  for 
the  lower  powers. 

SS9*  Brevet  Lieutenant-Colonel  Dr.  Woodward's  Bletliod. — This 
will  be  a  suitable  place  to  introduce  the  plan  adopted  by  Lieu- 
tenant-Colonel Dr.  Woodward,  at  the  Army  Medical  Museum,  U.S., 
and  which  we  quote  nearly  verbatim  from  the  British  Journal  of  Photo- 
graphy for  October  12th,   1866.     "A  camera  is   not  used,  a  dark 
room  being  found  most  convenient.     The  operating  room  has  two 
windows,  through  one  of  which  just  enough  yellow  light  is  admitted  to 
permit  the  movements  of  the  operator.     The  lower  part  of  the  other 
window  is  occupied  by  a  shutter   about  fourteen  inches  high,  on 
which  the  blackened  sash  shuts  down  light-tight.     In  this  shutter  is  a 
round  hole  an  inch  and  a-half  in  diameter,  from  the  inner  side  of 
which  a  brass  tube  of  the  same  diameter  projects  into  the  room.    On 
the  outer  side  of  the  hole  is  a  rod  about  twelve  inches  long,  on  the 
extremity  of  which  the  microscope  mirror  is  duly  centered.     Two 
steel  rods  attached  by  hooks  to  the  mirror  and  passed  through  the 
shutter,  permit  its  position  to  be  adjusted  by  a  person  standing 
inside  of  the  room,  without  opening  the  window.     A  Silbermann  s 
heliostat  standing  on  a  shelf  just  outside  of  the   window,  throws 
the  sunlight  steadily  upon  the  mirror.     Within  the  room  a  frame  of 
walnut,  ten  feet  long,  is  placed  on  a  firm  table  perpendicular  to  the 
window.     The  microscope  stands  on  the  end  of  this  frame  next  the 
window  ;  its  mirror  is  removed,  being  replaced  by  that  outside  the 
shutter.     The  microscope  is  placed  in  a  horizontal  position,  and  the 
tube  carrying  the  diaphragm  or  the  achromatic  condenser  fits  into 
the  tube  projecting    inward  from  the  shutter,  by  which  the  sun's 
light  reflected  from  the  mirror  outside  is  admitted.     A  black  velvet 
hood  covers  the  parts  about  the  stage  and  objective  of  the  micro- 
scope, and  thus  prevents  the  leakage  of  light  into  the  room. 
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experimenting  in  tliis  direction,  by  means  of  a  solar  mieroiicope.  Hfl 
finds  on  an  ordinary  collodion  sensitised  plate,  bath  in  good  condi- 
tion and  iron  developer,  the  exposure  with  a  ilh,  and  achromatic 
concave,  a  large  plane  silvered  mirror,  a  3  ^inch  diameter  and 
8  i-inch  focus  condenser,  and  a  single  pair  of  plano-convex  con- 
densers with  a  large  centra!  stop,  the  time  necessary  for  a  negative  of 
Pleurosigma  angujatum  magnified  2,500  diameters  was  under  strong 
sun  light  in  December  go  to  110  seconds,  in  May  70  seconds  for 
Pleurosigma  formosum.  He  attributes  much  of  the  lengthened  expo- 
sure to  this  ^th  being  made  with  4  sets  of  lenses,  the  front  a  single 
lens.  With  an  excellent  ^th  with  three  sets  of  lenses  and  an  achro- 
matic concave,  made  for  him  by  Mr.  W.  Wales,  of  Fort  Lee,  New 
Jersey,  U.  S.,  especially  for  photographic  purposes,  the  time  of  expo- 
sure is  rather  less ;  and  with  a  triple  condenser  35  seconds  in  June, 
for  Pleurosigma  angulatum  magnified  3,000  diameters  using  the  am- 
monio- sulphate  of  copper  cell.  From  a  short  e.xperience  with  this 
instrument,  both  with  and  without  the  ammonio-sulphate  of  copper 
cell,  he  thinks  a  prism  either  after  the  plan  used  in  his  smaller 
camera  arrangement  or  as  adopted  by  M.  Neyl  and  Count  Castracane 
preferable  to  a  mirror  for  illumination  with  the  high  powers.  To 
adapt  this  objective  to  ordinary  use,  Mr,  Wales  supplies  a  separate 
back  set  of  lenses  to  replace  the  photographic  set,  which  answers 
well,  the  workmanship  in  the  construction  of  the  mount  being  most 
perfect 

There  is  every  reason  to  suppose  the  very  valuable  invention  of 
Mr.  Wilde,  in  magneto-electricity  might  be  most  successfully  em- 
ployed for  this  purpose ;  perhaps  the  lamp  invented  by  Mr.  Larkio, 
for  consuming  powdered  metallic  magnesium  mingled  with  sand  and 
allowed  to  fall  in  a  stream  through  a  small  lighted  jet  of  hydrogen 
gas.  Whichever  plan  may  be  selected,  the  chief  object  is  to  have  the 
intense  light  necessary,  emanating  from  a  small  surface,  so  that  it  can 
be  more  successfully  brought  to  a  focus  by  a  condensing  lens  or  sil- 
vered reflector,  singly  or  united.  At  the  end  of  this  part  attention 
is  directed  to  the  use  of  magnesium  wire,  &c.     The  Rev.  St  Vincent 

efKciency  o»er  Ihe  arrangement  described.  Since  the  above  vns  vnilten,  Dr.  Mad- 
(lox  has  received  from  Lieutenanl-Caloael  Dr.  Woodward  for  publication,  an 
important  illustrated  paper,  in  which  he  gives  the  rouitt  of  some  experiments 
made  to  test  (he  value  of  llie  actinic  myi  emanstiiig  from  a  lUnt  prism  at  the  violel 
end  of  the  ipectnim,  as  compared  with  the  illuminalioa  from  a  divcred  mirror, 
the  rays  being  transmiiied  through  a  cell  containing  n  solution  of  Uic  ammonio 
Butphale  of  copper.  Considerable  advantage  is  shown  in  favour  of  the  latter  plan. 
The  test,  however,  does  not  decide  the  question  as  to  the  advanlaara  of  a  Ci 
densiug  prism,  or  an  ordinary  silvered  mirror,  but  Dr.  Maddox  has  always  d 
sidered  llial  the  Toniier  aflbrds  the  best  results.— ^cv  Appendix  10  this  work.  T 
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Beechy,  in  his  paper  on  Microscopic  Photography,  recommends  very 
strongly  the  oxyhydrogen  light,  and  indicates  a  very  simple  method 
by  which  an  ordinary  good  magic  lantern  can  at  a  small  eipense 
be   convened   into   use  as  a  microscope  camera  for  powers    from 

I  inch  to  the  \  inch.  Dr.  Woodward's  arrangement  will  be  under- 
stood if  pi.  Lll  be  referred  to. 

SSS.  Camera  applied  to  Ihe  DrdlnRrr  MIcroBcape. — We  may  now 
consider  the  plans  for  employing  the  microscope  and  camera  united. 
Mr,  Shadbolt  recommends  the  draw  tube,  if  any,  to  be  removed,  and 
its  place  supplied  with  a  lining  of  black  velvet.  The  microscope  is 
fixed  horizontally  on  a  board  or  table,  and  the  body  made  to  cor- 
respond to  the  centre  of  tlie  aperture  left  on  the  removal  of  the 
lenses  from  the  brass  setting  of  an  ordinary  camera.  The  intervening 
space  being  closed  in  such  a  way  as  to  exclude  all  entrance  of 
extraneous  light  The  draw  chamber  of  the  camera  is  employed  to 
vary  the  distance  of  the  image  from  iLi  object,  but  is  usually  deficient 
in  length,  hence  some  plan  for  elongating  this  chamber  is  needed. 
Many  complain  that  when  using  the  microscope  in  this  way,  some 
uncertainty  in  the  centering,  and  liability  to  derangement  when 
exchanging  the  focussing  screen  for  the  prepared  plate  are  expe- 
rienced. Gerlach  adopts  a  very  different  arrangement  The  camera 
is  adapted  to  the  lop  of  the  tube  of  the  microscope  which  is  placed 
in  an  upright  position,  pi.  LIIl,  fig.  339. 

SS9.  Dr.  Maddox'a  Camera.  —  'Hie  instrument  proposed  by 
Dr.  Maddox,  and  used  by  him  I'onsists  of  a  microscope  having  a 
mpass-joint  at  the  lower  end  of  the  stem  furnished  with  coarse 
screws,  &c.  The  stage  slides  along  the  stem,  and  can  be  clamped 
to  it  by  a  binding  screw  against  a  guide  that  runs  along  its  length. 
This  stage  is  provided  with  small  rectangular  movements  attached 
to  the  part  holding  the  object  slide,  and  to  its  opposite  side  is 
fixed  a  stout  tube  to  hold  an  achromatic  or  some  form  of  con- 
denser. The  main  [>art  of  the  stem  is  hollow,  and  receives  a 
strong  tube  furnished  nearly  in  its  entire  length  with  a  slot  that 
works  on  an  internal  guide  fixed  inside  the  stem.  Th.s  tube  carries 
at  its  near  end  an  arm,  it  right  angles  to  which  a  tube  about 
E  inches  long  is  screwed  on  the  near  side,  and  on  the  opposite 
e  an  adi.ipter  is  fitted  to  receive  the  screw-end  of  the  objective. 
An  approximate  focus  is  effected  by  sliding  the  stage  along  the  stem, 

md  the  fine  motion  by  a  graduated  milled-headed  screw-pin.  This 
pin  passes  through  the  lube  to  which  the  arm  is  fastened,  and 
eng^es  in  a  thread  cut  in  the  solid  end  of  the  stem.     A  spiral  wire 

:oiled  in  tlie  inner  tube  reacts  on  the  arm  when  tlie  milled-headed 

itrew  is  withdrawn, 
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The  whole  of  these  a 


e  arrangements  are  fixed  firmly  by  the  screw 
and  nut  at  the  jointed  ends  of  ihe  stem,  to  a  rectangular  cross  piece 
of  3-i6ths  iron  bar  about  two  inches  wide,  the  sciew  passing  through 
a  hole  near  its  centre.  This  cross  pietc  is  turned  down  at  right 
angles  on  each  side  so  as  to  bring  the  cenlre  of  the  short  microscope 
tube  in  the  centre  of  (he  camera,  then  again  turned  at  right  angles 
and  firmly  screwed  to  a  stout  base-board  of  deal  li  inches  thick, 
12  inches  wide,  and  4S  inches  long,  and  clamped  at  each  end  to 
jirevent  warping.  This  is  supported  over  a  wide  mweable  triangle, 
having  stout  double-hinged  triangle  legs  of  a  height  convenient  for 
the  operator  (3  to  4  feet),  pi.  LIII,  fig.  304  A.  About  u  inches 
from  Ihe  end  of  the  base- board  where  the  microscope  is  fixed,  is 
hinged  a  stout  square  frame  with  a  sliding  door  having  a  central 
aperture  to  allow  the  end  of  ihe  microscope  tube  to  work  through. 
The  inside  of  the  aperture  is  lined  with  leather,  and  a  thick  velvet 
collar  is  made  to  slide  along  the  tube  and  abut  against  the  aperture 
in  the  door,  so  that  when  in  use  the  entrance  of  any  extraneous  light 
is  effectually  prevented.  The  frame  with  door  is  turned 
hinges,  until  it  stands  exactly  at  right  sngles  with  Ihe  axis  of  the 
microscope,  and  is  kept  firmly  fixed  in  this  position  by  two  stout 
hrass  strutts  with  clamping  screws,  that  rise  from  tlie  base-board  on 
each  side  of  the  frame  at  an  angle  of  60°.  At  the  opposite  end  of 
the  stout  plank  is  placed  an  ordinary  camera  with  a  moveable  door-, 
front  having  a  large  central  aperture.  One  end  of  an  expanding 
bellows  body  is  fastened  to  it,  the  other  end  being  attacheti  to  the 
door  that  slides  into  the  vertical  frame.  This  bellows  part  is  made 
of  two  thicknesses  of  black  twilled  calico,  having  pasted  between 
tliem  a  corresponiiing  sized  sheet  of  stout  brown  paper,  and  folded 
into  one-inch  plaits  when  dimp,  then  turned  over  s(|uare  to  the  size 
corresponding  to  the  sliding  doors,  the  corners  bent  down  like  the 
bellows  of  a  common  accordion,  and  the  overlapping  edges  which' 
are  turned  so  as  to  face  the  base-board  are  double  sewn  together 
throughout  their  length  ;  or  for  this  may  be  substituted  a  body  ofi 
black  calico,  of  treble  thickness,  attached  at  each  end  to  the  doors, 
and  kept  apart  laterally  by  elastic  bands  sewn  along  its  four  edges, 
lengthwise.  The  camera  is  made  to  slide  along  the  supporting  board 
between  wooden  guides  screwed  to  its  upper  surface  near  the  sides, 
extending  from  the  near  end  to  the  vertical  frame.  These  have 
small  holes  at  corresponding  equal  distances  of  half  an  inch,  and 
projecting  from  each  side  of  the  body  of  the  camera  is  a  pierced 
horizontal  ledge  of  brass  plate,  about  5-8ths  wide,  that  travels  over 
llie  upper  surface  of  the  guides  on  the  to  and  fi-o  movement  of  the 
camera,  a  moveable  pin  on  each  side  fixing  it  in  the  place  desired.. 
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Tliese  apertures  are  numbered  according  to  the  inches  1,  1,  j,  &c., 
from  the  frame,  and  thus  are  of  service  to  note  the  distance  at  which 
the  sensitised  plate  is  placed  from  it  or  from  the  stage.  Memoranda 
l>eing  kepi,  the  same  ranges  can  be  easily  repealed.  The  draw 
chamber  of  the  camera  has  its  own  focussing  screw  which  is  of 
use  occasionally,  but  it  is  not  necessary. 

Two  diaphragms  of  blackened  stout  card  are  placed  within  ihe 
chamber  of  this  elongated  camera,  one  near  10  the  vertical  frame  or 
at  the  junction  of  ihe  bellows  part  with  it  iu  front,  and  the  other  is 
placed  in  a  grooved  frame,  thai  slides  in  a  wide  cut  made  in  the 
inner  surface  of  the  underside  of  the  draw  part  of  the  camera.  This 
frame  holder  takes  diaphragms  with  various  si^ed  apertures,  according 
to  the  dimensions  of  the  image  of  the  object  or  the  glass  plates 
employed.  Sliding  this  forward  or  backward  in  ihe  camera  alters  the 
relative  size  of  Ihe  field  according  as  the  camera  is  used  exjianded 
or  closed.  The  camera  is  either  dead-blackened,  or  lined  with  black 
rotton  velvet,  and  the  tube  of  the  microscope  inside  is  well  covered 
with  optician's  charcoal  black,  or  lined  with  black  velvet,  which  is 
better. 

The  mirror  or  prism  is  set  on  a  separate  arm  fixed  to  the  base 
board  in  a  line  with  the  stem  of  the  microijcope,  so  ihat  the  axis 
shall  correspond  with  ihe  axis  of  Uie  objective.     The  apparatus  can 
be  put  together  very  quickly,  or  kept  ready  for  use,  and  is  of  a  size 
that  permits  of  its  being  moved  about  easily,  without  being  too  cum- 
;rsome  for  one  person  ;  and  it  possesses  considerable  firmness. 
The  microscope  portion  can  be  supplied  by  any  form  of  micro- 
scope that  will  take  the  horizontal  position,  and  permit  the  eye-piece 
end  of  the  body  to  work  through  the  centra!  aperture  in  the  frunt  of 
the  Iwl lows-chamber,  provided  means  are  taken  to  effect  rigidity,  and 
completely  shut  out  the  outside   light   around  the   aperture  when 
working  the  rack  for  the  coarse  adjustment       But  preference  has 
been  given  by  Dr.  Maddox  to  a  tube  shorter  than  the  usual  body 
of  the  ordinary  microscope,  which  sometimes  narrows  the  field  too 
much  when  the  camera  is  nearly  closed  on  the  vertical  frame.     The 
.  tube  consists  of  two  parts,  one  an  inch  in  diameter  fixed  to  the  arm, 
1 4w  Other  i-^  inches  in  diameter,  that  slides  through  the  aperture  in 
I  the  door.     On  the  open  end  of  the  latter  fits  a  dead  blackened  brass     • 
L  cap,  from  the  inside,  with  a  slight  internal  projecting  ledge,  which 
acts  as  a  diaphragm  with  a  large  opening. 

The  description  will  be  more  easily  understood  by  a  reference  to 
pL  LIII,  which  represents  the  instrument  partly  in  section.  Tlic 
camera,  when  drawn  out  to  its  full  range,  exhibits  this  objection  :  the 
opetutor  is  obliged  to  withdraw  the  head  from  the  focussing  screen 
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al  the  lime  of  making  any  alteration  in  the  fine  motion.     A  levef  i 
arrangement  has  been  used  to  obviate  this,  but  if  emjiloyed  with  the  J 
high  powers  it  is  extremely  difficult  to  preveni  a  slight  ilip  of  the  screw.  J 
Mr.  Legg  employed  a  lever  crank  and  arm  over  tlie  top  of  the  camera,  J 
working  on  the  milled  head  of  the  coarse  rack  and  pinion  motion. 
Professor  Rood,  of  Troy,   N.Y.,  also  made  use  of  a  rod  and  lever 
beneath  the  camera,  acting  on  the  rack  work,  and  a  hinged  mirror    j 
>  placed  this  side  of  the  ground  glass  to  receive  the  image  transmitted 
to  it  while  arranging  the  object  on  the  stage  plate,  and  attending  to 
the  illumination. 

Dr.  Maddox,  who  has  much  improved  the  before-mentioned 
apparatus,  after  trying  several  methods  for  supporting  the  rod,  gave 
the  preference  to  that  described  under  his  method  of  working  with- 
out a  camera  in  a  darkened  room.  The  rod  being  placed  beneath 
the  base-board,  in  which  position  it  is  less  liable  to  accidental  disi 
rangcment,  but  in  this  case  a  stronger  microscope  will  be  required. 
Messrs.  Powell  and  Lealand  have  lately  made  for  me,  according  totfl 
some  suggestions  of  Dr,  Maddox,  a  stand  which  is  steadier  and  pos* 
sesses  some  advantages  over  that  just  described. 

The  chief  requirements  in  any  form  of  camera,  independent  e 
the  objective  or  mode  of  illumination,  are  general  facility  of  manage-B 
ment,  compactness  within  a  moderate  range  of  extension,  correcCJ 
ceatenng, /riraiom /rem  vibration,  and  the  total  exclusion  of  all  light  1 
except  that  which  enters  by  the  object-glass. 

ssa.  Dr.  Haddoi'B  AmmBctnrat  for  Working  wllbont  a  Cainerk.  \ 
— ^In  order  to  take  photographs  witiiout  a  camera,  a  room  has  been 
fitted  up  by  Dr.  Maddox  as  a  dark  chamber,  the  top  sash  of  the 
window  being  darkened,  and  the  place  of  the  lower  sash  when 
thrown  up  supplied  by  a  shutter  with  a  large  central  opening;  an 
oblong  aperture  exists  at  the  right  side  of  the  shutter,  protected 
by  a  frame  glazed  with  yellow  glass,  which  slides  tip  and  down, 
and  is  kept  in  position  by  a  spring.  The  as|iect  happens  to  be 
direct  S.W.,  and,  unfortunately,  very  much  exposed  to  the  strong 
south-westerly  winds ;  llierefore  to  try  and  avoid  the  tremor  occa- 
sioned by  such  a  large  surface  as  the  shutter  affords,  no  pait_ 
of  the  microscope  is  fixed  to  il,  but  rests  on  a  long  stout  bas 
board,  supported  on  four  double  triangle  legs.  The  shutter  end  3 
clamped  by  two  screws,  an  upright  piece  at  right  angles,  pierced  t 
permit  the  attachment  of  a  3^-inch  solar  condenser  with  its  small 
condensing  lens,  the  mirror  of  which  is  passed  through  the  aperture 
in  the  shutter.  This  is  worked  by  a  double  milled  head  from  ihe 
inside,  the  ammonio-sulphate  of  copper  cell  being  placed  bctweeS' , 
the   mirror  and   the  condensing  lens.      The  base-board  with  right  A 
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tangled  head-piece  is  brought  almost  to  touch  the shulltr,  and  the  light 

ll  around  the  upright  piece  excluded  by  a  thick  curtain.     The  niicro- 

r  scope,  which  is  a  heavy  one,  is  placed  horizontally,  and  depending 

t  from  the  screw.     Fastening  the  ann  of  the  instrument  to  the  rack,  is 

■  a  stiff  piece  of  flat  brass,  pierced  at  its  lower  part  to  support  the  end 

of  a  rod  suspended  beneath  the  base-board,  and  provided  at  the  end 

with  a  grooved  pulley  of  the  same  diameter  as  the  milled  head  of 

[■  the  fine  adjustment,  which  is  also  grooved,  a  small  endless  band 

^'  connecting  them.     The  depending  piece  passes  through  a  slot  cut 

\  the  base-board,  equidistant  from  the  sides,  and  permits  the  rack  of 

the  coarse  motion  being  worked,  or  the  movement  of  the  microscope 

backwards   or  forwards,  the  rod  following  it.     This  was   the  plan 

recommended  in  the  last  edition.     The  rod  is  placed  beneath  the 

.  board  to  be  out  of  the  way,  and  not  to  interfere  with  the  traversing  of 

[■  the  frame  which  carries  the  screen  or  sensitive  plate.     This  frame  is 

made  with  a  hea^y  base  the  wHdth  of  the  board,  and  has  side  clamping 

screws.  By  means  of  a  central  pin,  between  the  two  parts  which  form 

the  heavy  base,  it  is  capable  of  slight  rotation  on  its  vertical  centre, 

to  compensate  for  any  want  of  parallelism  in  the  parts  right  and 

left  of  the  object,  or  for  stereoscopic  negatives.     The  square  frame 

L  is  hinged  to  the  tap  of  this  base,  to  allow  of  slight  motion  forwards 

lor  backwards,  being  supported  at  the  sides  by  two  brass  stints  which 

I  have  a  clamping  pin  on  each  side.     To  arrange  for  glasses  of  various 

[  sizes,  two  bars  undercut  slide  up  and  down  the  uprights  of  the  frame 

|<  and  can  be  fixed  at   any  distance   apart  by  clamping  nuts.     Tiie 

n  of  the  frame  will  often  help  to  secure  a  perfect  parallelism 

I  with  the  object  on  the  slide.     The  screen  may  be  either  plane  finely 

[■ruled  plate  gla-ss,  a  collodion  prepared  washed  plate  over  which  a 

[■  little  albumen  or  tannin  has  been  flowed,  or  the  plate  employed 

I  occasionally  by  Dr.  Maddox  ;"  or  the  plate  may  l>e  prepared  as  has 

r  been  recommended  for  ordinary  camera  purposes  by  Mr.  M.  Carey 

I  Lea,  of  Philadelphia  (whose  contributions  to  the  British  Journal  of 

J  Photography  are  marked  with  much  originality  and   utility).     Thin 

J  well-boiled  starch    is  filtered  through  muslin,   then  poured    lo  the 

ftidcplh  of  the  tenth  of  an  inch  on  to  a  clean  polished  plate  of  glass, 

1  level,  and  allowed  to  dry  spontaneously,  but  quickly.     It  must 

\  not  be  put  in  a  drawer,  for  fear  of  it  dr>-ing  too  slowly  and  the 

I  surface  being  irregular.    Or,  as  in  Mr.  Wenham's  method,  p.  236,  the 

can  be  examined    on    a   card,  held  as  the  glass  screen  or 

|«en(itised  plate,  by  two  springs  from  the  transverse  sliding  bars. 
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Dr.  Maddox  finds  the  general  appearance  of  the  image  and  th^  fl 
condition  of  the  field  to  be  best  seen  on  the  card  ;  therefore  he  usetf  1 
this  placed  before  the  screen  and  resting  against  the  frame,  to  procurflj  1 
the  primary  focussing,  tlie  final  adjustment  being  made  by  the  rodi 
and  line  motion,  when  examining  the  image  by  the  focussing  glassy  t 
OD  the  slightly  opaque  screen,  or  on  a  thick  card  substituted  for  it,  J 
using  a  hand  magnifier  to  examine  the  image,  which  he  prefers. 

In  front  of  the  exposed  plate  is  arranged  a  diaphragm  to  exclude 
extraneous  light,  while  the  parts  about  the  stage  of  the  microscope 
are  well proUcted  from  the  light  diffused  through  the  slide  from  the 
sub-stage  condenser. 

Although  this  plan  is  very  convenient,  and  allows  everything  to 
be  ready  at  hand,  it  may  be  as  well  to  point  out  some  of  its  disadvaa- 
lages.  It  is  difficult  to  see  the  state  of  the  sky  ;  hence,  after  placin 
the  sensitised  plate  in  the  frame,  a  cloud  approaching  i 
may  at  once  obscure  the  sun  and  cause  the  loss  of  the  plute.  lA 
the  wet  collodion  process,  dust  is  liable  to  settle  on  the  5urface| 
Again,  for  opaque  objects  which  require  a  side  illumination, 
in  the  combined  images  for  the  stereoscope,  the  necessary  devia^ 
tion  must  be  procured  by  prisms.  Even  if  the  Lieberkuhn  * 
portion  of  its  surface  stopped  out,  and  the  dark  nells  or  stopgij 
spot  lens,  or  M.  Nachet's  cone  be  used,  there  will  be  considerabl 
<langer  from  leakage  of  light  and  a  fogged  plate.  Moreover,  1 
eyes  become  fatigued  if  kept  long  under  yellow  lighL  Some  per 
even  complain  of  giddiness. 

The  plan  for  using  some  form  of  draw  camera  is  to  a  great  exteal 
free  from  these  defects,  aiid  the  method  proposed  by  Dr.  MoilessieM 
in  his  work,  to  which  allusion  was  made  in  the  early  part  of  thift.1 
chapter,  appears  so  useful,  that  I  shall  briefly  notice  the  chief  pointa>X 
The  microscope  arranged  horizontally,  with  a  grooved  bar  projecliDgT 
beyond  the  base-board  to  carry  the  mirror,  sulphate  of  copper  cell,] 
ground  glass,  and  diaphragm,  is  centrally  attached  to  an  expandlngf 
camera.  The  dark  box  or  part  where  the  focussing  screen  is  placed*! 
has  one  of  the  sides  to  open  with  hinges  as  a  door,  and  the  o|>eratoi 
seated  by  the  side  of  the  instrument,  with  or  without  a  cloth  drawi 
over  the  head  to  exclude  the  surrounding  light,  examines  I 
from  the  side  opening,  either  with  or  without  a  magnifying  glass,  thej 
right  hand  being  occupied  in  the  necessary  arrangement  of  thel 
object  and  the  illumination  ;  the  plate  being  ready  in  the  dark  slide^,! 
and  the  side  door  closed  light-tight,  it  is  inserted  and  exposed  wilhoutl 
loss  of  time. 

Dr.  Moitessier  has  likewise  recommended  a  slide  with  adjusting 
0  as  to  expose  different  parts  of  the  sensitised  plate  one 
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after  tlie  other,  to  be  pkced  on  ihc  ond  of  the  tube  of  ihc  mitroocope 
arranged  vertically,  and  thus  secure  small  but  very  perfect  represen- 
tations for  future  enlargemenis,  oi  for  being  viewed  in  the  stereo- 
scope. He  also  speaks  highly  of  the  objectives  h  f immersifn ;  a 
drop  of  dititilled  water  being  placed  on  tlie  cover  of  the  slide  and 
the  front  lens  focussed  into  and  tlirough  the  fluid,  by  which  means 
the  refraction  occasioned  by  the  thin  cover  is  avoided.  The  sur 
face  of  the  lens  is  not  to  be  wiped,  but  the  water  blown  away.  By 
continental  microscopists  these  lenses,  especially  those  made  by 
M.  Hartnach,  have  been  very  highly  spoken  of  Dr.  Moitessier  also 
employs  an  ingenious  method  for  rendering  opaque  objects  with  the 
horizontal  microscope  and  low  powers.  The  object  is  placed  on  the 
stage  of  a  small  vertical  microscope,  and  the  light  thrown  on  the 
object  by  a  small  plane  mirror  from  above,  which  receives  the  solar 
rays,  after  having  been  converged  from  a  larger  mirror,  by  an 
achromatic  lens ;  this  and  the  small  flat  mirror  are  supported  by,  and 
slide  on,  an  upright  stem,  to  meet  the  necessary  adjustments.  The 
objective  is  attached  tothcendof  the  microscope  tube  at  right  angles, 
a  prism  with  total  internal  reflection  being  fixed  at  the  junction. 

The  focus  is  obtained  by  the  rac-kwork  acdng  on  the  small  stage. 
I'or  very  low  powers  or  securing  the  enlargement  of  only  a  few 
diameters,  as  in  injected  specimens  and  entire  insects,  a  small 
portrait  combination  is  attached  to  the  niicroscc^e  tube,  and  the 
prism  placed  in  from  of  it  at  right  angles. 

•SI.  Amuivemcnt  of  Dra.  Atwrentinkle  tMH  vriuaii.  —  Drs. 
Abercrombie  and   Wilson,   of   Cheltenham,    have  met   with    great 

:es3  with  artificial  illumination.  These  gentlemen  use  a 
blackened  base-board  S  feet  in  length;  the  focussing  box  of  an 
ordinary  camera  with  its  focussing  screen,  the  microscope  ami 
illuminating  apparatus  being  all  kept  in  a  straight  line  by  side 
strips  of  wood.  The  micro.scope  is  moveable  on  a  sliding  board 
and  can  be  clamped  at  any  distance,  or  the  camera  box  and  micro- 
scope made  to  approach  or  recede  from  each  other  singly  or  together, 
couple  of  strips  of  blackened  wood  are  attached  to  the  cye-piecc 
end  of  the  tube  of  the  microscope,  and  brought  slightly  diverging  to 
the  top  of  the  camera.  The  whole  of  this  part  being  covered  with 
black  velvet,  pile  inwards,  and  well  secured  from  outside  light  at  all 
[larts,  especially  round  the  tube  of  the  instniment.  The  base-board 
I  be  set  on  any  steady  table  or  support.  The  focussing  screen  i.s 
of  glaas  covered  with  collodion,  sensitised  and  covered  with  a 
solution  of  tannin.  The  draw  tube  of  the  microscope,  if  any,  is  re- 
moved and  the  tube  lined  with  black  velvet  The  correction  for  the 
want  of  concordance  of  the  actinic  and  visual  focus  is  effected  by 
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what  is  called  "  turning  out."  The  coarse  or  rack  ailjiislment  is  Icfti 
for  focussing.  By  means  of  a  iever  arm  at  one  end,  clamping  the 
milled  head,  and  at  the  other  connected  to  a  long  rod  resting  at  the 
side  of  the  apparatus,  a  very  delicate  movement  is  obtained.  The 
fine  adjustment  is  left  to  regulate  the  compensation  required  betw< 
the  chemical  and  visual  foci,  and  to  mark  this  more  easily, 
plate  of  card  "  is  attached  to  the  body  of  the  njicrostope,  whilst 
wire  which  at  one  end  is  bent  to  cli|i  the  milled  head  of  the  (im 
focussing  screw,  is  at  the  other  used  as  the  index  point  for  the  divi« 
sions  of  the  card. 

The  condenser  recommended  is  a  j-inch  focus  bull's-eye  leni 
with  its  convex  side  to  tlie  source  of  light,  and  in  conjunction  wii 
this  the  objective  next  below  the  one  in  use.     Oil  lamjjs,  oxy-calcii 
and  magnesium  lights  have  been  used,  but  the  last  is  preferred,  at 
the  wire  to  be  burnt  in  preference  by  successive  flashes, 
the  point  of  light  being  in  a  proper  position   "  a  small  telescoi 
upright,  of  brass,  regulated  by  a  screw,   is  fixed  to  a  block  adapted 
to  slide  in  the  support  common  to  the  microsco|)e  and  light ;  at  the 
apex  of  the  brass  upright  is  fixed  a  small  tin  gutter  or  pipe  of  suffi- 
cient capacity  lo  admit  the  wire  easily  and  diverted  down  at  an  anglej 
of  45°." 

A  moveable  stop  with  a  pin-hole  aperture  is  recommended  to 
lised  in  the  preliminary  arrangement  to  secure  the  exact  position;' 
about  J  of  an  inch  of  the  wire  is  exactly  opposite  the  pin  h»le. 

The  camera  is  set  to  certain  lengths  so  as  lo  give  images  of  the 
objects  of  a  definite  si/e.     The  "  turning  out  "  consists  in  acluaU]r| 
testing  each  objective  for  the  number  of  turns  or  parts  of  a  turn 
the  fine  focussing  sorew  by  means  of  the  dial  caril,  to  make  thi 
rection  for  the  actinic  focus.     In  the  high  powenj  this  may  be  almi 
disregarded,  and  the  same  result  may  be  obtained  by  withdrawii 
the  focussing  screen  to  the  point  where  by  trial  the  tnie  actinic  foci 
has  l>een  fouud.     In  the  Popular  Science  Review,  No. 
will  be  found  an  illustrated  memoir  by  Dr.  Wilson,  in  which  ful 
particulars  have  been  given,  and  from  which  the  foregoing  remarl 
have  been  taken. 

The  time  of  exposure  for  wet  collodion  plates  var 
according  to  the  colour   of  the  object,   and    its  enlargement 
diameters  and  a  tolerably  light  object  may  need  ten  minutes  with  tbi 
oil-lamp.     By  placing  a  smalt  vessel  of  warm  water  in  the  camera, 
keep  the  collodion  plate  moist  by  its  vajjour,  Drs.  Abercrombie  ant 
Wilson  have  exposed  plates  forty  minutes  with  success.    Some  ofi 
the  prints  from  these  genriemen's  negatives  are  renuirkably  good ; 
ihey  possess  a  peculiar  delicacy  in  the  half-loncs  and  shadowy 
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with  much  roundness  of  the  objects,  but  the  definition,  as  might 
be  expected,  does  not  quite  equal,  in  some  of  the  finest  markings, 
prints  obtained  from  sun  negatives.  However,  all  of  the  general 
characteristic  appearances  of  the  objects  are  exceedingly  perfect 
Great  simplicity  in  the  apparatus,  and  the  immeose  advantage  of 
useful  illumination  in  all  weathei^,  are  most  favourable  recommenda- 
tions. 

ass.  or  Itae  fUnmlnulani  aanURht:  n«DO«hr«mUlc  Ll^t: 
P(il«rl«inK  App«r«iu».— Both  sunlight  and  anificiaJ  light  have  been 
used.  Dr.  Maddox.  with  the  majority  of  observers,  gives  the  ]ire- 
ference  to  sunlight  in  all  cases,  and  nearly  always  uses  some  form  of 
condenser.  He  usually  dispenses  with  the  mirror,  and  substitutes 
one  of  Abraham's  achromatic  condensing  prisms,  placed  al  such  a 
distance  from  the  object  {if  used  alone)  that  its  rays  should  cross 
just  before  reaching  it.  Otherwise  the  intense  heating  power  at 
the  vertex  of  the  cone  of  rays  would  cause  considerable  danger  to 
the  object,  and  might  even  uncement  llie  l^n.^es  of  the  objective 
of  the  higher  powers,  es|>ecialiy  when  the  object  is  only  enclosed 
bettt-een  two  picees  of  the  thinnest  covering  glass,  and  the  focus  very 
close.  The  prism  he  seldom  employs  alone,  but  places  in  the  tube 
at  the  back  of  the  stage  a  condenser.  A  small  Coddington  lens 
about  15"  angular  aperture,  served  him  in  the  earlier  part  of  his 
exfierimenis.  This  was  made  to  slide  nearer  or  farther  from  the 
object  Latterly  he  has  used  Soliitt's  -achromatic  condenser,  as 
furnishing  a  larger  field  and  more  free  from  spherical  aberration. 
This  condenser,  as  described  by  the  originator,  consists  of  two 
achromatic  lenses  with  their  plane  surfaces  turned  towards  the  object, 
and  of  2  and  4  inches  focus  respectively,  placed  al  the  distance  of 
one  and  three  quarters  of  an  inch  apart  with  a  diaphragm  between 
them.  The  four-inch  focus  lens  has  a  diameter  of  ij-inch,  the  two- 
incli  focus  lens  a  diameter  of  J  of  an  inch.  Here  then  we  have  a 
body  of  light,  and  a  field  beautifiilly  illuminated  when  used  either 
wiih  the  plane  mirror  or  the  prism.  A  series  of  diaphragms  sliii  into 
the  cap  covering  the  small  lens,  which  is  turned  towards  the  object 
Sometimes  Dr.  Maddox  employs  an  achromatic  doublet  of  about  12° 
aperture,  or  an  achromatic  condenser  of  larger  angular  aperture. 
Although  theoretically  the  angular  aperture  of  tlie  higher  objeeiives 
is  narrowed  by  these  moderate  apertures,  [iractically  the  intensity  of 
the  illumination  appears  to  compensate  in  a  remarkable  manner,  as 
is  shown  by  the  perfect  delineation  of  some  of  the  figures  in  the 
frontispiece.  The  common  plan  is  to  use  as  a  condenser  the 
objecrive  next  below  the  one  used  to  render  the  photographic  hnage; 
but  if  any  form  of  solar  condenser  be  employed  by  which  the  rays 
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become  more  conccnirrL-lCTl,  the  greatest  care  will  be  reiniiret!  loj 
avoid  injury  to  ihe  lenses  by  the  intense  heat. 

Dr.  M.iddox  has  lately  used  two  large  plano-convex  lenses  supw' 
posed  with  a  large  central  stop — Dr.  Woodward's  method  as  described 
in  one  of  his  communications  ;  also  the  condenser  of  two  or  three 
l>lano-convex  lenses  as  recommended  by  Mr.  Wtnliam,  but  with 
moveable  stops  or  diaphragms ;  the  latter  are  placed  nearer  10  or 
farther  from  the  lai^est  lens,  the  Astance  being  regulated  by 
trial. 

Prof    Rood,  of  New  York,  for  his  higher  powers  employed  ft; 
Wollaston  doublet,  having  an  angular  aperture  of  44°  as  a  conden; 
He  used  one  of  Llebig's  silvered  mirrors  in  place  of  the  ordii 
amalgam  mirror. 

M.  Neyt  replaces  the  common  solar  reflectors  by  a  large  pnsatl 
with  parallactic  morions ;  to  condense  the  rays  an  achromaric  con-,' 
densing  lens  of  if  inches  diameter  is  used,  and  to  concenlrate  them 
still  more,  3  other  converging  lenses  are  placed  in  its  focus  in  such  »: 
manner  that  ihey  can  be  used  together  or  separated  to  meet  tho( 
power  of  the  objective.  He  likewise  has  the  objective  corrected  tO- 
make  the  chemical  and  visual  foci  agree.  In  order  to  render  inftl- 
aoriastarionary  while  they  are  photographed,  he  uses  a  voltaic  stage, 
so  that  he  can  make  contact  with  the  poles  of  a  Daniel's  barteiy 
or  induction  coi!  at  the  proper  moment.  The  shock  suddenly  kills 
the  little  beings  and  enables  him  to  secure  an  image,  when  other 
wise,  from  iheir  rapid  movements,  it  would  be  a  mere  accident 
if  the  animalcule  remained  in  the  field  of  view,  or  in  the  desired 
attitude. 

The  Rev.  Mr.  Reade  has  proposed  a  very  ingenious  method  of' 
using  his  hemispherical  condenser  with  a  solar  condenser.  The  rays 
furnishing  light  and  those  giving  heat  having  different  degrees  of 
refrangibilily,  we  have  here  the  cone  of  light-giving  rays  formed  within 
the  cone  of  the  heat-giving  rays,  the  principal  focus  of  the  latter  beii 
at  a  greater  distance  from  the  lens  than  the  fonner.  When  these 
are  permitted  to  cross  the  a.\is.  their  respective  situations  are  reversi 
On  arranging  the  hemispherical  lens,  so  that  it  shall  be  separal 
from  the  princijjal  focus  of  heat  by  the  sum  of  its  own  focal  length, 
the  principal  focus  for  light  will  be  found  at  a  greater  distince  than 
its  own  focal  length;  hence  the  heat-giving  rays  will  be  renderet 
parallel,  and  the  light-giving  rays  will  be  made  to  converge  It 
second  focus  furnishing  light  of  much  intensity  separated  from 
heating  rays.  Means  for  using  an  achromatic  object-glass  for 
solar  microscope  without  endangering  its  injury  are  thus  supplied. 

Professor  Gerlach    uses   a   plano-convex    lens  with  a   concav* 
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mirror.  These  are  placed  at  such  distances  apart  that  tlie  two  foci 
meet  when  the  convex  surface  of  the  plano-convex  lens  is  turned 
towards  the  mirror,  pi.  LIV,  fig.  337. 

Dr.  Woodward's  plan  has  been  already  adverted  to  in  p.  237. 

Dr.  Moitessier  gives  the  following  method  : — the  parallel  rays 
from  the  solar  mirror  are  received  on  a  bi-convex  lens  and  conveyed 
to  the  other  extremity  of  the  tube  holding  the  lens,  in  which,  slides 
by  rack  and  pinion  a  smaller  plano-convex  lens.  According  to  th^ 
position  of  the  latter,  the  emergent  rays  are  rendered  either  parallel, 
or  diverging  if  placed  beyond  the  principal  focus  of  the  large  lens.  If 
placed  within  the  luminous  cone  before  being  brought  to  a  focus  the 
rays  are  rendered  more  convergent,  and  this  forms  the  general 
arrangement  for  high  powers.  If  the  small  image  of  the  sun  thus 
formed  be  made  to  coincide  with  the  surface  of  the  object  to  be  pho- 
tographed, the  phenomena  of  interference  from  diffraction  are  avoided, 
but  this  involves  an  alteration  in  the  respective  distances  apart  of  the 
lenses  for  different  objectives,  or  the  same  objective  altered  in  its 
focus  to  correspond  with  any  deviation  in  the  distance  of  the  screen. 
He  likewise  substitutes  for  the  small  condensing  lens,  a  diverging 
one  placed  within  the  focus  of  the  large  lens  to  procure  a  cone  of 
concentrated  parallel  rays.  These  can  be  again  rendered  convergent 
by  a  small  lens.  He  also  receives  upon  finely  ground  glass  the  con- 
verging rays  from  a  large  condenser  with  a  longer  focus  at  some 
point  before  coming  to  a  focus.  This  circle  of  light  then  becomes 
a  radiant  for  the  small  condensing  lens.  Thus  there  is  much  less 
diffraction,  and  although  the  time  of  exposure  is  considerably  in- 
creased, the  plan  meets  the  general  requirements.  The  drawings 
represented  in  fig.  338,  pi.  LIV,  will  illustrate  these  different 
methods. 

The  mode  adopted  by  the  Abb^  Count  Castracane  is  to  allow  the 
solar  rays  to  be  refracted  by  a  large  prism,  with  a 'dispersive  power 
capable  of  giving  a  wide  spectrum  before  falling  on  the  condensing 
lens  ;  a  diaphragm  being  interposed  to  allow  passage  only  to  the  rays 
from  the  blue  end  of  the  spectrum.  In  this  way  homogeneous  light, 
in  which  the  actinic  power  is  chiefly  situated  is  obtained,  the  defects 
arising  from  chromatic  aberration  are  avoided,  and  a  more  perfect 
definition  results. 

Dr.  Maddox  found  when  using  the  blue  cone  of  rays  formed  by 
Abraham's  achromatic  prism,  a  great  tendency  in  the  object,  if 
very  thin  and  transparent,  to  be  confounded  with  the  field,  and  the 
negative  to  be  useless  for  obtaining  positives  for  the  lantern.  Care  is 
recjuired  not  to  employ  any  form  of  sub-stage  condenser  of  a  larger 
angular  aperture  than  the  objective  in  use.     In  practice  a  saving  of 
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time  is  effected  if  ihe  objecis  be  first  sek-cted  for  a  suitable  objecdi 
aod  the  mctde  of  illumination  arrangeO  accordingly. 

For  such  objects  as  are  of  a  more  or  less  non-actinic  colour, 
some  entire  insects,  or  their  various  pans.  Dr.  M.  also  tried  a  plan  Iqn 
giving  to  the  supporting  slide  a  coloured  transparent  varnish  of  the 
same  tint,  or  by  placing  beneath  the  slide  holder  a  parallel  plate 
of  tinted  glass  chosen  to  suit  as  nearly  as  possible  the  necessity 
of  the  case.  But  the  best  results  were  obtained  by  using  a  slow 
collodion,  a  more  acid  bath,  and  giving  a  longer  exposure,  which 
was  done  without  fogging.  Some  of  these  results  were  exhibited 
on  the  screen  before  the  London  I'hotographic  Society  in  Dec. 
1S64,  and  the  Microscopical  Society  in  March,  1865.  It  should 
be  bonie  in  mind  thiit  when  any  coloured  medium  is  placed  between 
the  mirror  and  objective,  it  has  the  most  effect  when  placed  at 
the  part  where  the  light  is  least  concentrated,  and  also  that  there 
is  no  conversion  of  white  light,  but  simply  a  transmission  of  the  blue 
and  closely  allied  actinic  rays  when  the  ammonio- sulphate  of  copper 
cell  or  blue  glass  is  used ;  hence  the  time  of  exposure  must  be 
augmented, 

It  is  a  desideratum  to  obtain  the  monochromatic  and  aclinic 
rays  without  having  lost  so  much  of  their  power  by  transmission 
and  absorption  ;  and  it  is  just  possible  in  the  case  of  objects  which 
can  be  mounted  in  fluid,  that  such  a  medium  may  be  found  as 
may  enable  us  to  employ  the  ordinary  methods  of  illumination.  I 
believe  Dr.  Maddox  is  experimenting  in  this  direction.  It  has  also 
been  proposed  to  focus  through  a  screen  of  polished  parallel  blue 
glass,  and  to  remove  this  when  the  sensitised  plate  is  being  impressed. 

Various  media  require  different  exposures  under  similar  conditions 
of  illumination  ;  without  a  heliostat,  rapidity  in  impression  is  neces- 
sary to  the  most  perfect  definition.  The  refracting  power  of  the 
medium  should  correspond  closely  to  the  refracting  power  of  the 
object. 

The  time  of  exposure  varies  from  so  many  causes  that  it  proves 
one  of  the  chief  difficulties  in  photomicrography;  the  distance  ol 
the  object  from  the  screen,  its  colour,  the  medium  in  which  it  may 
be  mounted,  the  media  through  which  the  sun's  rays  are  transmitted, 
the  nature  of  the  first  incident  or  reflecting  surface— the  actinic 
power  of  the  sunlight,  which  varies  considerably  at  different  hours 
in  the  day,  the  condition  of  the  atmosphere,  and  the  number  of 
len.tcs  of  which  the  objective  is  composed.  This  last  operates  greatly. 
those  in  the  high  powers  consisting  of  only  three  sets,  and  the  first 
a  single  front,  as  Mr.  Wenham's,^ being  the  most  rapid.  Expt 
and  trial  are  the  only  guides  to  success. 
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In  the  ordinary  Wollaston  doutilel  the  chromatlr  alierration  is 
not  corrected,  but  this  does  not  cause  any  serious  difficulty,  as  by 
v.irying  its  distance,  ihc  blue  or  chemical  end  of  the  tonvei^ing  cone 
of  rays  can  be  used  to  furnish  a  field  of  bluish  light.  Some  con" 
siderable  care  is  needed  in  the  adjusttnent  of  the  condenser,  which- 
ever kind  be  employed,  so  as  lo  equalise  the  illumination  and  avoid 
sun  spots  when  the  minor  is  used.  Mr.  Traer  got  rid  of  tliese  by 
making  the  distance  between  ihe  object  and  concave  mirror  rather 
more  than  its  focus.  The  chief  aim  is  to  have  the  full  amount  of 
light  that  will  furnish  a  distinct  itnage  on  the  ground  glass.  Some 
make  their  focal  arrangements  in  the  objective,  illuminating  the 
object  with  daylight  or  a  less  intense  illumination  than  is  to  be 
used  in  taking  the  photograph.  Dr.  Maddox  found  that  in  doing  this 
he  seldom  secured  the  best  fociis,  therefore  he  prefers  to  focus  in 
sunlight  condensed  upon  the  object,  using  an  examining  eye-  piece. 

In  using  the  polarising  apfhtraJus  for  the  production  of  photo- 
graphic images  in  some  objects  which  from  their  great  transparency 
and  delicacy  are  not  well  rendered  in  the  ordinary  way,  or  some 
detail  lost  by  using  common  light,  a  little  care  is  retjuired.  The 
polarising  prism  is  as  usual  placed  beneath  the  object,  the  analyser 
directly  over  or  behind  the  objective,  and  the  best  appearance 
sought  by  the  rotation  of  the  lower  prism.  Mr.  Thos.  Davis,  who 
has  furnished  in  the  Microscopical  Journal  for  the  years  1863 
and  1864,  many  details  connected  with  the  application  of  photO' 
graphy  to  delineating  delicate  crystals,  states  that  he  finds  when  the 
object  appears  best  illuminated  by  the  ray  which  has  been  reliected 
from  the  mirror  and  transmitted  through  the  polarising  prism,  the 
image  in  the  camera  was  often  only  partially  distinct,  and  needed  a 
readjustment  of  the  mirror  to  procure  an  image  that  would  develope 
uniformly.  He  employed  a  No.  i  eye-piece,  and  magnified  some 
of  the  crystals,  as  tartar  emetic  to  50  diameters,  tartrate  of  soda, 
sulphate  of  copper  and  magnesia,  and  santonine  to  40  diameters. 
Excellent  woodcuts  from  these  photographs  were  given  in  the 
Journal  to  illustrate  his  observations.  To  these  I  must  refer  the 
reader. 

ArtiticUi  Uicb>. — Mr.  Shadbolt  many  years  ago  obtained 
some  beautiful  photographs  by  lamp  light.  A  small  camphine  or 
paraffin  lamp  was  placed  so  that  the  flame  was  in  the  axis  of  the 
microscope.  A  plan  o-r  on  vex  lens  of  about  i^  inch  diameter  with 
its  flat  side  to  the  lamp,  and  a  second  smaller  one  of  about  1  inch 
in  diameter  and  3  inches  focus,  were  arranged  so  as  to  concentrate 
Ihe  lays  of  light  without  forming  an  image  of  the  flame,  pi.  LIV, 
fig,  336.     The  first  is  placed  at  such  a  distance  from  Ihe  lamp  as 
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lo  make  the  rays  converge  slightly,  and  the  other  at  a  point  where 
it  will  include  all  these  rays  and  (in  using  high  powers)  the  achromatu 
condenser,  so  that  the  lens  may  fall  well  within  the  cone  of  rays.  Ii 
employing  low  powers  the  object  is  made  to  come  within  the  cone 
of  converging  rays.  The  distance  of  the  lamp  from  the  nearest  lens 
to  it,  is  best  determined  by  the  quality  of  the  illuminated  field,  which 
should  be  equally  bright,  nor  should  the  light  enter  the  objectire  at 
a  greater  angle  than  its  own  angular  aperture.  To  examine  the 
image  thrown  on  the  ground  glass  of  the  camera,  Mr.  Shadbolt  used 
a  Ramsden's  positive  eye-piece. 

Mr.  I.egg,  in  1859,  made  use  of  artificial  light  from  a  camphine 
lamp,  concentrating  the  diverging  rays  by  a  two-inch  bull's-eye  lens 
placed  near  to  the  source  of  hght,  and  a  second  bull's-eye  lens  about 
three  inches  in  diameter  at  a  distance  of  an  inch  from  die  first,  by 
which,  with  the  i-3rds  and  4-ioths  object-glasses,  he  could  obt 
images  at  3  feet,  in  periods  varying  from  3  to  10  minutes. 

Mr.  Parry,  in  making  use  of  artificial  light,  placed  a  plano-convntl 
of  i|  inch  focus  with  its  plane  side  towards  the  object  about 
inch  from  it,  and  four  or  fii'e  inches  from  an  argand  gas  burner.  (Th« 
light  from  an  argand  |>araffin  lamp  is  preferable  to  gas.)  To  increase 
the  flatness  of  the  field,  he  fixes  behind  the  posterior  lens  of  the 
1-inch  combination,  an  achromatic  stereo.scope  camera  lens  with  its 
flat  surface  towards  the  objective.  The  advantage  of  the  brilliant' 
light  produced  by  the  combustion  of  magnesium  wire  is  reft 
to  in  p,*27S- 

SS4.  or  ForoMinr. — Much  care  is  required  in  focussing.  A  ph 
adopted  by  some  is  to  use  a  simple  lens  set  as  a  watchmaker's  lou| 
in  a  card  or  wooden  tube  of  such  a  length,  that  when  placed  at  tha' 
near  surface  of  (he  ground  glass  screen,  the  focus  of  the  lens  exact!; 
corresponds  to  the  opposite  or  ground  side.  Others  employ 
ordinary  photographic  focussing  eye-piece.  ''I'he  best  is  die  positivi 
eye-piece,  for  should  the  others  not  be  truly  set,  there  is  danger  ot 
the  focus  catching  the  image  either  before  or  behind  the  screen, 
unless  some  form  of  compound  microscope  be  employed,  with  its 
focus  set  to  the  exact  thickness  of  the  screen. 

S3S.  or  the  ObjFct-ziaaseB. — Each  objective,  as  furnished  by  ouri 
best  opticians,  is  generally  sent  out  not  as  a  photograpiiU  object-glas! 
but  as  a  microscopic  objective,  and  so  skilfully  have  errors  whidlj 
arise  from  the  thickness  of  the  thin  glass  cover  and  n on-achromatic i 
of  the  eye-piece  been  compensated  for,  that  the  Illuminated  field 
ivithout  sensible  colour,  and  the  edges  of  objects  destitute  of  cliro-J 
matic  fringes.  To  accomplish  this,  the  objective  is  left  what  is  termed 
"over  corrected." 
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When  the  photographer  employs  these  objectives,  more  especially 
the  low  and  middle  powers,  he  generally  finds  that  either  his  prepared 
sensitised  plate  must  be  moved  further  away  from  the  plane  at  which 
the  best  visual  focus  was  found,  or  else  he  must  withdraw  his  objective 
a  slight  distance  from  the  object,  and  bring  the  chemical  focus  to  its 
compensating  point  for  the  amount  of  "  over  correction  "  that  has 
been  given  to  it  by  the  maker.  This  is  not  a  fixed  sum,  and  may 
vary  in  different  object-glasses  furnished  by  the  same  optician,  when 
of  equal  magnifying  power,  or  even  ground  on  the  same  tools.  In 
the  construction  of  some  of  the  lower  powers  a  plan  has  been  adopted 
which,  at  the  sam*?  time  that  it  does  not  detract  from  their  optical 
perfection,  places  the  chemical  variance  at  its  lowest  mean.  In  the 
higher  powers,  as  from  |th  upwards,  the  difierence  between  the  visual 
and  chemical  foci  is  so  small  that  it  is  seldom  regarded,  except  in 
the  most  delicate  work  ;  but  here  the  disturbance  occasioned  by  the 
cover  of  thin  glass  placed  over  the  object,  requires  the  adjustment 
between  the  two  posterior  combined  set  of  lenses,  and  the  anterior 
pair,  triple  or  single  lens,  to  be  made  with  the  greatest  nicety,  as  has 
been  strongly  advocated  by  Dr.  Wilson.  It  is  not  possible  to  deter- 
mine beforehand  the  amount  of  alteration  in  focus  needed,  and  a 
series  of  trials  will  be  necessary  to  establish  what  adjustment  is 
requisite.  The  best  plan  is  to  select  an  object  that  has  a  slight 
thickness,  with  parts  at  a  distance  from  one  another,  lying  in  three 
or  four  different  planes.  Set  the  objective  to  the  best  focus  in  the 
microscope,  then  place  it  in  the  camera ;  focus  sharply  for  the  part 
of  the  object  nearest,  and  in  the  negative  which  is  taken,  observe  if 
this  part  corresponds  in  definition,  or  if  not,  which  plane  of  the  object 
appears  the  sharpest  Let  us  suppose  the  furthest  plane;  tlien 
observe,  by  re-focussing,  how  many  divisions  of  the  milled-headed 
screw  have  been  turned  through  to  bring  this  part  into  as  perfect  a 
focus  as  was  originally  the  nearest  plane.  This  will  give  the  variation 
for  that  objective  under  similar  circumstances,  and  should  be  noted. 
If  employed  with  the  shallow  eye-piece,  to  increase  the  magnifying 
power,  with  the  loss  of  some  definition,  a  different  adjustment  may 
be  required.  Mr.  Shadbolt  undertook  a  series  of  experiments  for  his 
objectives,  of  Messrs.  Smith,  Beck,  and  Beck's  make,  when  he  em- 
I)loyed  artificial  light,  and  which  he  gives  as  follows  : — 

The    i^  inch  object-glass  to  be  withdrawn  ^^jth  of  an  in. 

The  |rd  „  „  yi^        „ 

These  can  only  be  regarded  as  guiding  marks  for  others.  To 
obviate  this  great  inconvenience,  Mr.  Wenham,  to  whom  we  owe 
much  for  the  perfection  of  the  binocular  microscope,  with  his  usual 
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ingenuity,  reroin mended  a  biconvex  lens  of  low  power  10  be  cirefiil^ 
turned  down  to  ihe  proper  si^e,  and  centered  in  a  sctring  thai  can  be 
screwed  into  the  place  where  the  posierior  diaphragm  or  stop  is 
usually  placed  ;  thus  lo  lessen  the  over  correction  and  to  bring  the 
chemical  back  to  the  visual  focus.  He  gives  the  following  focal 
lengths  of  these  correcting  lenses  for  Messrs.  Smith,  Beck  and  Beck's 
ij  inch,  a  lens  of  8  inches  focus  ;  for  the  Jrds  one  of  5  inches  focus, 
which  is  also  applicable  to  the  -^ths. 

Mr,  Hislop  advises  that  a  dozen  of  these,  of  difFerent  foci,  should 
be  at  hand,  and  the  one  that  is  found  to  answer  best  in  practice 
selected.  Dr.  Maddox  has  one  of  Messrs.  Smith,  Beck  and  Beck's 
|rds.  beautifully  corrected  by  them  in  this  manner,  and  it  gives  sur- 
prising sharpness. 

Mr.  Shadbolt  prefers  to  find  the  necessary  alteration  for  the  foci 
of  different  objectives.  It  seems  almost  a  matter  of  regret  that 
Opticians  have  not  offered  a  special  correcting  eye-piece  to  be 
employed  with  the  one-inch  or  two-thirds  objective,  so  that  we  might 
obtain,  at  moderate  distances,  the  advanlage  of  the  increase  in 
magnifying  power,  and  at  the  same  time  preserve  the  unison  of  the 
actinic  and  lisual  foci,  and  give  a  more  perfect  flatness  of  field ;  but 
in  this  case  the  eye-piece  would  require  to  be  most  correctly  centered, 
both  with  regard  to  itself  and  in  relation  to  the  axis  of  the  object- 
glass.  Object-glasses  with  large  angular  apertures,  unless  possessing 
great  flatness  of  field,  with  perfect  correction  for  spherical  and  chro- 
matic aberration  cannot  be  expected  to  supply  the  most  useful 
photographic  objectives. 

In  giving  the  amplification  of  an  object,  the  simplest  plan, 
perhaps,  is  to  divide  the  screen  from  the  centre  into  inches  and 
tenths,  to  measure  the  size  of  the  image  and  compare  it  with  the 
si^e  of  the  object  as  given  in  the  microscope  with  the  micrometer,  or 
to  substitute  the  micrometer  for  the  slide,  taking  care  co  lei  their 
surfaces  comcide,  and  not  to  alter  the  correcting  adjustment,  as 
with  the  high  powers  and  single  fronts  the  alteration  in  size  is  very 
rapid. 

S36.  St«rcoseople  PboiOBniph*. — Seeing  the  advantage  derived 
from  Ihe  application  of  the  stereoscope  in  viewing  the  dissimilar 
images  of  large  objects  taken  at  varying  angles,  it  was  natural 
to  suppose  that  an  effort  would  be  made  to  produce  stereoscopic 
images  of  minute  objects.  Professor  Wheatsione  suggests  in  the 
Transactions  of  the  London  Microscopical  Society,  for  April,  1853, 
a  plan  of  procuring  these  at  the  necessary  angles.  He  proposes  that 
the  tube  of  the  microscope  should  have  an  independent  movement 
of  about  15°)   "round  an  axi.s,  the  imaginary  prolongation  of  which 
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should  pass  through  the  object,  it  being  indifferent  in  what  direction 
this  motion  is  made  in  respect  to  the  stand."  He  proposes  also  a 
simpler  method,  which  is,  to  make  the  object  itself  partly  revolve 
round  an  imaginary  axis  within  itselfj  from  7°  to  15**,  care  being  taken 
to  render  the  ilhiminalions  equal,  and  avoid  interfering  shadows^  so  as 
not  to  produce  pseudoscopic  effects. 

Mr.Wenham  showed  that  images  of  objects  could  be  produced 
with  such  a  difference  in  the  relative  position  of  their  parts  when 
viewed,  by  stopping  off  the  alternate  halves  of  the  object-gjass,  or  the 
emerging  pencils  from  the  opposite  halves  o^  the  eye-piece,  that  these 
images  when  recombined  had  a  perfect  stereoscopic  character. 

To  effect  this,  Mr.  Wenham*^  plan  was,  to  place  a  sliding  stop 
with  straight  edges  against  the  lens  of  the  objective,  so  tl»t  it  could 
be  turned  to  cut  off  either  the  right  or  left  portion  of  the  lens ;  he 
found  those  of  large  angular  aperture  would  need  only  one-third  of 
their  diameter  stopped  off. 

Professor  Riddle,  of  New  Orleans,  proposes  to  accomplish  the 
same  end  by  inserting,,  just  behind  the  object-glass,  a  small  equilateral 
prism,  arranged  on  a  central  axis  parallel  to  its  polished  faces  and 
transverse  to  the  axis  of  the  object-glass,  so  that  it  can  be  inclined. 
The  hypothenuse  being  placed  coincident  with  the  axis  of  the  micro- 
scope, on  making  the  necessary  inclination  it  will  furnish  the  appear- 
ance of  the  object  itself  being  moved,  and  when  the  image  of  the 
object  has  been  drawn  with  the  prism  in  one  position  it  is  to  be 
altered  slightly,  and  the  slide  moved  so  as  to  bring  the  same  part 
into  the  centre  of  the  field  of  view,  as  at  first ;  it  will  now  have  an 
altered  aspect,  corresponding  to  the  difference  in  point  of  view, 
equivalent  to  the  number  of  degrees  of  the  inclination  of  the  prism 
which  may  vary  from  4°  to  9®.  And  if  the  two  images  of  such  a 
drawing,  or  photographic  impression,  be  viewed  stereoscopically, 
they  will  be  found  to  coalesce  into  a  stereoscopic  image. 

Mr.  Heisch,  in  October,.  1862,  recommendec^  as  an  adapter  for 
the  object-glass,  one  carrying  a  tube  that  can  be  turned  half  round 
by  a  lever  outside.  In  this  tube  is  another,  provided  with  a  stop, 
that  cuts  off  half  the  pencil  of  light  emerging  from  the  object-glass ; 
this  sliding  tube,  when  placed  in  proximity  to  the  back  lens  of  the 
objective,  is  so  arranged  that  the  field  on  the  ground  glass  of  the 
camera  shall  be  equally  illuminated  in  all  positions  of  the  stop. 
The  image  is  thrown  on  a  prepared  sensitised  plate  for  the  first 
picture,  the  stop  is  then  turned  round  until  it  stands  in  a  direction 
opposite  to  the  first  position ;  the  unimpressed  half  of  the  prepared 
plate  is  then  shifted  into  the  field,  and  in  its  turn  receives  the  second 
image.     The  two  resulting  pictures  furnish  a  stereoscopic  effect. 

s 
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He  also  suggests  that  in  objects  of  thickness  the  near  surface  should 
be  focussed  for  the  one  and  the  more  distant  for  the  other  picture. 

Dr.  Maddox  produce^!  stereoscopic  pictures  on  one  of  the  plans 
proposed  by  Prof  Wheatstone,  and  for  this  purpose  he  made  a  small 
3^  X  if  inch  slide-holder  of  brass  plate  having  a  central  aperture 
and  a  ledge  at  the  top  and  bottom,  in  the  du-ection  of  the  lengthy 
turned  up  square  at  right  angles.     Opposite  the  centre,  the  ledges 
were  pierced  by  a  small  hole  about  \  of  an  inch  from  the  angle  of 
junction ;  two  thin  strips  of  spring  brass  being  cut  to  the  width  of 
the  ledges,  about  i|  inches  long  and  slightly  cur\ed,  had  each  a  small 
hole  drilled  in  the  centre.     Two  pieces  of  hard  wood  were  cut  into 
equal  triangles,  which  were  each  fixed   on  a  brass  pin  in  such  a 
position,  that  when  the  little  triangular  blocks  were  resting  with  their 
obtuse  angles  on  the  upper  surface  of  the  brass  slide,  the  other  end 
of  the  pins  passed  through  the  hole  in  the  small  strips  of  spring 
brass,  then  through  the  holes  in  the  ledges,  the  pins  being  now  turned 
up  at  right  angles  to  prevent  them  from  being  carried  out  of  the  holes 
by  their  springs.      An  ordinary  glass  slide  ^ith  the  object  set  up 
was  placed  between  the   springs  (and   rested    by  its  under  surface 
near    the   edges  on    the   upper   or  horizontal    surfaces  of  the  two 
small  blocks),  being  clipped   by  them  sufficiently  tight  to  prevent 
falling   out,  when    the    slide  was   placed  vertically  on    edge.      On 
depressing  either  end  of  the  slide,  the  object  could    be   made  to 
assume  an  obliquity  to  the  objective,  equivalent  to  the  angle  found 
l>etween  the  surface  of  the  litde  triangular  blocks    and   the   edge 
of  the   depressed    slide   when   resting    on    the  plane   of  the  brass 
holder.     This  method  answered  very  well  for  opaque  objects  illumi- 
nated by  the  Lieberkiihn.     The  slide  holding  the  object  being  first 
centered  and  focussed  from  the  point  where  the  least  displacement 
of  the  focus  appears  on  depressing  each  side  equally  and  alternately, 
now  depressed   and    re-focussed    if  necessary,  to    furnish    the  first 
picture,  then  similarly  treated  on    the  opposite  side  of  the    centre 
to  furnish  the  second.     The  resultant  images  giving  a  stereo-picture  ; 
when  the   left  depressed  view  is  taken  on  the   right-hand   side   of 
the  plate,  and  vice  versa,  the    images  need    not  be  reversed    after 
printing.     He  also  used  for  transparent  objects  Mr.  Wenham's  and 
Mr.  Smith's  plan  for  stopping  off  alternately  in  front  the  right  and 
left    halves  of  the  objective   by  a   small    cap  with  a    semicircular 
aperture,  equal  generally  to  half  the  area  of   the  front  lens,  while 
with  the   highest  powers,  he  only  makes  a  slight  alteration  in  the 
position  of  the  object  and    incident   light  for  the  second    picture. 
With    the  parabolic   illuminator  he  did    not  succeed    equally  well. 
M.  Nachet,  jun.,  used    his  polished  cone    of  glass  with  a  central 


WITH  THE  MICROSCOPE.  259 

stop  on  its  curved  base  (for  obtaining  oblique  light  in  parallel 
rays)  when  photographing  opaque  and  semi-opaque  objects,  as 
the  Foraminifera,  &c.  Dr.  Moites^ier  recommends  this  plan,  the 
light  being  transmitted  from  the  mirror  through  the  cell  of  ammonio- 
sulphate  of  copper,  then  conveyed  by  the  condensing  lens  on  to 
a  disc  of  ground  glass,  placed  near  the  apex  of  the  cone.  Dr. 
Maddox  has  lately  obtained  stereoscopic  pictures  of  parts  of 
Pleurosigma  formosum,  magnified  3,000  diameters,  with  Mr.  Wales' 
•Jth  objective  and  amplifier.     Seep,  231. 

CHEMICAL   SOLUTIONS   REQUIRED. 

The  different  solutions  used  in  photography  must  be  perfectly 
pure ;  this  is  of  the  first  importance,  and  observers  are  recom  - 
mended  to  purchase  their  chemicals  at  houses  of  known  celebrity, 
such  as  Mr.  Thomas*,  Pall  Mall,  rather  than  attempt  the  manufacture. 

831.  CoUodlon. — Supposing  the  collodion  process  to  be  deter- 
mined on,  the  pyroxyline  should  be  of  the  kind  produced  from 
hot  acids,  carrying  just  such  an  amount  of  water  as  will  furnish 
to  it  when  dissolved  in  its  solvents,  ether  and  alcohol,  a  fluid 
flowing  freely,  possessing  considerable  adhesive  power  to  the  glass, 
and  free  from  fine  net-like  markings  when  dry.  The  manufacture 
of  the  gun  cotton  that  will  furnish  these  qualities  requires  great 
experience.  The  collodion  should  afford  when  taken  from  the 
nitrate  bath,  not  a  very  thick  creamy  layer,  but  such  as  is  com- 
monly employed  for  portrait  purposes.  If  it  be  preferred  to  make 
the  collodion,  we  subjoin  the  formula  for  cotton  that  will  yield  the 
above  mentioned  film.  Into  a  perfectly  clean  dry  close  stoppered 
bottle,  put — 

Iodide  of  ammonium  in  cr)stals.* 
Iodide  of  cadmium,  of  each,  8  grains. 
Bromide  of  cadmium,  4  grains. 

Pour  on  these  13  drachms  of  absolute  alcohol  or  redrawn 
alcohol,  of  sp.  gr.  '805,  shake  the  bottle  well;  when  dissolved, 
add  — 

Pure  ether,  sp.  gr.  725,  12  drachms. 

Weigh  out  22  to  28  grains  of  dry  pyroxyline,  add  it  by  little  open 
tufts  to  the  mixed  fluid,  shaking  occasionally,  then  wash  down  the 
neck  and  sides  of  the  bottle  with  8  drachms  of  pure  ether.     Gently 

*  If  the  crystals  of  iodide  of  ammonium  be  at  all  damp,  press  them  before 
weighing  in  folds  of  clean  blotting  paper. 
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agitate  so  as  not  to  soil  the  netk  of  the  bottle,  and  set  aside  in  I 
dark  cool  cupboard  for  three  or  four  days,  or  lonycr  ;  then  caiefulT 
pour  off,  without  any  shaking,  the  half  tutu  a  clean  dry  cloc 
stoppered  bottle  for  use,  or  better,  into  one  of  the  4  ot.  cappt 
pouring  bottles,  called  "  cometless."  The  formula  given  has  t 
for  only  4  oz.  of  collodiotL  The  absolute  alcohol  can  BOinetimes  ll 
a  little  increased, 

sas.  Nltrue   Batk, — The    nitrate    bath   may    be    prepared 
follows : — 

Freshly  distilled  water,  4  ounces. 
Re-ciystallised  nitrate  of  silver,  600  grains. 

Dissolve ;  test  for  acidity  by  blue  litmus  pajier ;  if  acid,  neutri 

by  a  little  fresh  pure  oxide  of  silver,  or  by  a  few  drops 

weak    solution  of  carbonate   of   soda;  dissolve  in   a  drachm  1 

Iodide  of  potassium,  t  grain. 
Then  drop  into  it  a  few  drops  of  the  strong  solution  of  nitrate  | 
silver  until  it  produces  no  furtlier  turbidity.  Wa,sh  the  precipitate 
yellow  iodide  of  silver,  pour  off  the  washings,  and  add  (he  iodide  to 
the  strong  silver  solution  ;  stir,  make  up  the  quantity  of  fluid  to 
ao  oi.  by  distilled  water,  and  filter,  or  allow  it  to  settle,  then  carefully 
pour  off  close,  and  filter  the  remaining  portion  into  a  small  bottle 
This  can  be  used  in  the  after  intensifying  ])rocess,  or  if  filtered 
through  a  washed  filter,  added  to  the  stock  for  the  nitrate  bath. 

The  strong  solution  of  silver  is  oflener  rather  alkaline  than  acid 
to  test  paper;  if  this  be  the  case,  add  a  few  drops  of  a  solution  con- 
taining 1  drop  of  glacial  acetic  acid  to  1  drachm  of  distilled  water, 
until  the  test  paper  remains  slightly  reddened,  or  the  same  propor- 
tions of  nitric  acid  in  water  may  be  used ;  the  latter  often  works 
remarkably  well  with  the  bromo-iodised  collodion,  not  giving  at  firet 
intense  but  remarkably  sharp  clean  negatives,  permitting  of  a  rather 
longer  exposure  to  the  strong  sunlight  without  staining,  and  con- 
siderable intensifying  qualities  without  blocking  out  the  finest  lines. 
To  keep  up  the  strength  of  this  nitrate  bath,  add  occasionally  a  plain 
solution  of  re  crystallised  nitrate  of  silver  in  distilled  water,  in  the 
proportion  of  50  grains  to  the  ounce. 

It  is  desirable  to  keep  this  nitrate  bath  perfectly  free  from  dirt 
and  substances  likely  to  injure  it  As  there  is  considerable  difficulty 
in  obtaining  the  gutta  percha  baths  witliout  impurities,  and  the 
porcelain  ones  are  sometimes  too  porous,  a  vertical  glass  bath  with 
cover  is  much  to  be  preferred.     It  is  often  desirable,  after  a  full 
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day's  work,  to  pour  the  nitrate  bath  into  a  clean  bottle,  allow  it  to 
settle,  then  carefully  decant  the  clear  portion  into  the  bath,  after  it 
has  been  washed  out,  and  filter  the  remainder  through  a  washed  paper 
filter,  making  up  the  strength,  if  necessary,  by  the  so-grain  solu- 
tion. In  this  way  there  is  less  likelihood  of  spots,  pin  holes  or 
deposit  on  the  transparent  shadows.  This  bath  in  winter  can  be 
made  stronger. 

889.  Of  the  Deyeloplns  Solntloiis. — Preference  is  given  to  the 
formula  containing  the  protosulphate  of  iron,  or  the  double  salt  of 
sulphate  of  ammonia  and  iron,  with  or  without  a  little  syrup  from 
loaf  sugar  added  at  the  time  of  using,  as  recommended  by  Mr.  Hislop, 
though  without  care  this  will  often  give  fogging. 

Crystallised  protosulphate  of  iron  crushed,  200  grains. 

Glacial  acetic  acid,  3J  to  5  drachms,  or, 

Beaufoy's  acetic  acid  of  30**  per  cent,  10  to  15  drachms. 

The  amount  of  10  oz.  is  to  be  made  up  with  pure  water,  then  6  or  8 
grains  of  acetate  of  soda  are  to  be  added,  and  the  fluid  filtered.  More 
iron  should  be  added  to  this  developing  solution  in  the  winter  months. 
It  is  best  when  a  few  days  old.  At  the  time  of  using,  to  make  it  flow 
freely  on  the  surface  of  the  coUodionised  plate,  add  of  ordinary  alco- 
hol from  20  to  30  or  60  minims  to  each  ounce  of  developing  solution, 
according  to  the  condition  of  the  bath.  Its  strength  is  often  varied 
from  10  grains  to  the  oz.  to  even  50  grains  in  ordinary  work,  but  in  sun- 
light negatives,  it  is  not  necessary  to  use  more  iron  than  in  the  formula. 
The  intensifying  solution,  useful  for  deepening  more  ftilly  many 
of  the  details  brought  out  by  the  iron  developer,  consists  of  :— 

No.  I.  Iodine,  3  grains. 

Iodide  of  potassium,  6  grains. 
Water,  3  ounces.     Mixed. 

No.  2.  Pyrogallic  developing  solution,  as  made  with  acetic  acid. 
Pyrogallic  acid,  i  J  to  2  grains. 
Glacial  acetic  acid,  20  minims,  or 
Beaufo/s  add,  i  drachm. 
Distilled  water,  i  ounce. 
This  is  best  when  freshly  made,  or  not  more  than  a  few  days  old. 

No.  3.  Pure  nitrate  of  silver,  30  grains. 

Distilled  water,  i  ounce. 

No.  4.  Pure  nitrate  of  silver,  20  grains. 

Citric  acid  crystallised,  30  grains. 
Dissolved  in  distilled  water,  2  ounces. 
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84«.  The  fixlny  Solutions  may  be  made  as  follows  : — 
Hyposulphite  of  soda  4  oz.,  dissolved  in  4  oz.  of  water.     Using 
it  repeatedly  until  saturated  with  the  dissolved  out  iodide  and  bro- 
mide of  silver;  but  Dr.  Maddox  prefers  a  fixing  solution  made  by 
dissolving  about — 

8  grains  of  cyanide  of  potassium  in  one  ounce  of  water. 
It  should  be  marked  poison.  As  this  substance  varies  in  its  strength, 
the  solution  should  be  made  so  as  to  clear  the  plate  in  a  gradual 
manner  in  from  one  to  one  and  a-half  minutes,  but  not  so  strong  as 
to  destroy  the  half  tones.  The  same  solution  can  be  used  repeatedly, 
or  until  rendered,  by  using,  too  weak.  It  should  not  be  kept  exposed 
to  the  air. 

PRACTICAL   MANIPULATION. 

This  IS  naturally  divisible  into  three  distinct  stages  :  i,  obtaining 
the  image  on  the  sensitised  plate ;  2,  rendering  it  visible ;  and  3, 
obtaining  a  print  upon  paper. 

841.  Cleaning  the  Glass  Plates. — ^The  glass  plates,  whether  of 
"  patent  plate,"  which  is  the  best,  or  of  "  polished  flatted  crown," 
are  first  to  have  the  sharp  edges  r  amoved  by  a  grooved  roughening 
stone  sold  for  the  purpose ;  this  is  best  done  under  a  gentle  stream 
of  water  fi-om  a  tap,  that  the  particles  of  grit  or  dust  may  be  carried 
away :  the  plate  is  then  dropped  into  a  clean  pan  containing  a  hot 
solution  of  washing  soda  in  rain  or  soft  water.  After  lying  in  this  for 
a  little  time,  they  are  singly  washed  over  back  and  front  with  a 
pledget  of  tow  and  saturated  solution  of  washing  soda,  then  dropped 
into  clean  hot  soft  water.  When  all  the  plates  have  been  treated  in 
this  way,  they  are  taken  out  to  drain,  the  water  thrown  away  and  fresh 
hot  water  poured  into  the  vessel.  The  plates  are  singly  dipped  under 
the  surface  of  the  clean  water,  then  wiped  with  chemically  clean  linen 
cloths,  such  as  old  napkins,  one  covering  the  left  hand  in  which  the 
plate  rests,  the  other  being  used  to  dry  and  polish  the  plate.  These 
cloths  are  not  to  be  washed  with  soap  and  water,  but  to  be  well  washed 
out  in  hot  soft  water,  containing  a  little  soda,  then  well  rinsed  in  fresh 
water  and  dried. 

It  is  advisable  to  keep  a  stock  of  plates  thus  partially  prepared. 
To  further  clean  them,  examine  the  plate  along  the  edge,  and  if  any 
very  slight  curvature  exist,  let  this  be  taken  as  the  surface  on  which  the 
collodion  is  to  be  poured.  Select  three  chemically  clean  dry  cloths, 
fold  one  into  double  thickness,  and  on  it  hold  the  plate  in  the  left 
hand,  face  down ;  with  one  of  the  other  cloths  polish  well  the  back, 
breathing  on  it  from  time  to  time ;  then  turn  it  face  uppermost,  have 
a  little  old  collodion  which  may  be  slightly  weakened  with  alcohol, 
place  a  pledget  of  clean  cotton  wool  in  a  small  cleft  stick  or  whale- 
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bone,  dip  it  into  the  old  callodion,  pass  it  quickly  and  well  over  every 
part  of  this  surface  of  the  plate.  With  the  same  cloth  that  polished 
the  back,  rub  this  off  briskly,  then  with  the  other  clean  perfectly  dry 
cloth  finish  off  the  polishing,  so  that  when  breathed  on,  the  surface 
may  present  a  uniform  dull  appearance  without  any  streaks ;  set  it 
face  down  on  a  clean  sheet  of  foolscap  paper,  or  in  a  grooved  well- 
closed  plate  box,  the  finished  faces  all  looking  one  way.  Thus  pre- 
pare the  number  of  plates  required  for  inwnediate  use.  If  to  be  kept 
a  few  hours,  wrap  them  up  in  another  fold  o(  paper,  place  them  in  a 
dry  drawer,  always  noting  which  is  the  perfectly  cleaned  surface.  If  of 
a  larger  size  than  6  inches  square,  it  will  be  more  convenient  to  clean 
them  on  a  proper  polishing  board.  Cleanliness  in  this,  as  in  the  suc- 
ceeding stages,  is  absolutely  requisite.  If  no  oW  collodion  be  at 
hand,  a  polishing  liquid  may  be  made  by — 

Howard's  precipitated  magnesia,  20  grains. 
Strong  liquor  of  ammonia,  ^  drachm. 
Alcohol,  2  ounces. 

Thisy  however,  requires  to  be  most  carefully  removed,  in  the  clean- 
ing, from  the  edges  of  the  plates,  or  they  would  soon  render  the  bath 
alkaline.  Or  the  method  adopted  by  M.  Boetter  may  be  adopted  for 
cleaning  chemical  glasses  which  is  strongly  recommended  by  Mr.  Carey 

Lea : — 

Common  sulphuric  acid,  i  oz. 

Bichromate  of  potash,  i  oz. 

Water,  i  pint. 

The  gjasses  are  to  be  left  in  this  solution  for  seven  or  eight  hours, 
their  surfaces  being  entirely  covered  by  it  They  are  then  to  be 
rinsed  well  beneath  a  tap.  The  same  solution  answers  many  times. 
If  the  plates  are  handled,  it  is  as  well  to  see  there  are  no  cuts  or 
abrasions  on  the  fingers,  for  this  fluid  to  come  in  contact  with. 

S4S  Arranslnv  the  CamcnL — ^Supposing  the  portable  form  of 
apparatus  recommended  h^  Dr.  Maddox  be  selected,  we  proceed  as 
follows  : — A  room  is  to  be  chosen  which  has  a  window  with  a  south- 
west aspect,  or  at  least  one  where  the  sun's  rays  enter  during  the 
greater  part  of  the  day.  The  end  of  the  apparatus  is  placed  outside  the 
opened  window  in  such  a  manner  that  the  face  of  the  prism  is  directed 
at  right  angles  to  the  incident  rays ;  the  legs  of  the  triangle  are  set 
apart  so  that  the  whole  stands  firmly  on  the  floor.  The  object  being 
fixed,  it  is  first  carefully  examined  under  the  compound  microscope, 
and  if  of  any  depth,  Uie  part  in  strict  focus  when  the  best  general 
character  of  the  object  is  attained,  is  well  noted.  The  objective  like- 
wise being  selected,  is  to  be  screwed  into  the  neck  of  the  microscope, 
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and  the  achromatic  condenser  placed  in  the  fitting  on  the  under- 
surface  of  the  stage-plate.  The  blackened  card  diaphragm,  according 
to  the  size  of  the  field  desired,  is  to  be  fixed  in  the  diaphragm  fiame 
that  works  to  and  fro  in  the  cut  in  the  back  part  of  the  camera 
chamber,  and  the  prism  so  turned  that  the  sunlight  is  thrown  on  the 
ground-glass  screen.  Then  bring  the  objective  into  focus  as  when  the 
object  slide  is  in  situ.  The  value  of  the  prism  is  now  apparent,  for  npon 
standing  wkh  the  face  towards  its  convex  surface,  and  turning  it  on  its 
own  parallactic  motion,  an  intense  image  of  the  sun  will  be  soon  found, 
as  it  were,  on  that  surface :  the  prism  is  then  to  be  so  arranged  that 
the  reflected  images  from  the  lens  or  lenses  of  the  achromatic  con- 
denser and  of  the  objective,  fall  centrally  on  the  sun's  im^c.  If  the 
field  on  the  ground  glass  now  appears  equally  bright  in  all  directions, 
the  achromatic  condenser  is  slightly  altered,  to  see  whether  any 
increase  of  illumination  accompany  the  change ;  if  not,  it  is  returned 
to  its  previous  position.  Should  the  images  not  all  fall  into  the  line 
of  the  image  of  the  sun,  seen  on  the  surface  of  the  prism,  some 
alteration  must  be  made  in  the  part  which  seems  most  at  fault ;  but 
when  they  all  fall  into  it,  and  the  distance  of  the  prism  is  such  that 
its  converging  rays  just  cross  before  reaching  the  object,  the  proba- 
bilities are  that  the  centering  is  correct  If  the  prism  will  not  carry 
a  cone  of  light  sufficiently  large  and  bright  for  the  lowest  powers,  as 
3  inches,  then  set  it  aside  and  try  the  plane  mirror.  The  object,  if 
on  the  ordinary  3x1  inch  slide,  is  now  placed  on  the  stage,  the 
camera  bellows-body  shut  up ;  the  whole  apparatus  is  covered  with  a 
large  focussing  cloth  of  black  cotton  velvet,  except  the  parts  to  be 
exposed  to  the  light,  the  right  hand  is  applied  to  the  slide,  and  the 
eyes  directed  to  the  ground-glass  screen  under  the  focussing  cloth  ;  the 
object  is  now  placed  (as  nearly  as  possible)  in  the  centre  of  the  field, 
and  the  approximate  adjustment  made.  Alter  the  rack-work  of  the 
condenser  and  the  prism  until  the  best  effect  is  produced,  for  the 
proper  position  of  the  condenser  is  a  very  important  one,  and  often 
more  trouble  to  arrange  than  the  focus  of  the  object-glass.  The 
object  being  well  centered,  the  field  perfectly  bright  and  uniform,  see 
that  the  velvet  collar  around  the  microscope  tube  adufs  closely  against 
the  aperture  in  the  door  of  the  vertical  frame ;  now  withdraw  the 
camera  along  the  base-board  from  the  near  end,  and  closely  watch  the 
enlargement ;  when  this  is  determined  on,  fix  the  camera  by  the  wire 
pins  to  the  nearest  hole  in  the  two  wooden  guides.  Supposing  this 
to  be  at  an  easy  working  distance, — watch  the  image  on  the  ground 
glass  through  the  focussing  eye-piece ;  turn  the  graduated  milled- 
headed  screw  of  the  fine  motion  until  the  same  point  as  was  previously 
noted  is  brought  into  a  sharp  focus.    Should  the  over-correction  of 
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the  lens  not  have  been  carefully  corrected  by  a  back  lens,  for  the  low 
powers,  as  previously  advised,  proceed  to  make  the  necessary  allow- 
ance, which  experience  has  determined,  by  turning  back  the  screw  of 
the  fine  motion,  the  number  of  di\'isions  or  parts  required  as  marked 
on  the  milled  head.  If  not  known,  commence  the  experiment  as 
before  stated,  p.  255,  and  note  the  particulars.  A  card  covered  with 
black  cloth  or  velvet,  with  its  lower  edge  turned  at  right  angles  and 
deeply  notched,  is  now  rested  on  the  stem  of  the  microscope  against 
the  end  of  the  achromatic  condenser,  facing  the  prism,  and  this  latter 
protected  by  a  thick  fold  of  chamois  leather  from  the  sun's  rays. 
Care  must  be  taken  that  neither  surface  of  the  prism  is  soiled  by 
vapour  or  finger  marks ;  nor  must  the  concentrated  sunlight  be  per- 
mitted to  remain  longer  on  the  object  than  is  actually  required  in 
focussing,  or  it  may  become  uncemented,  and  if  not  injured,  it  may 
slip  completely  out  of  the  field. 

This  apparatus,  if  used  in  the  open  air,  could  have  the  micro- 
scope end  to  move  instead  of  the  camera,  but  this  method  is  very 
inconvenient,  when  used  near  an  open  window,  from  the  difficulty  at 
times  to  place  the  prism  outside  the  plane  of  the  window  or  in  its 
best  position. 

If  the  higher  powers  be  used,  needing  the  screw  adjustment  for 
the  correction  of  the  error  introduced  by  the  thin  glass  cover,  we 
find  it  best  ^o  make  this  as  nearly  as  we  can  when  examining  the 
object  in  the  microscope,  then  testii\g,  with  the  collar  set  to  that 
figure,  the  image  on  the  ground-glass  screen.  If  the  image  here 
seems  moderately  sharp,  under  the  best  focussing,  a  trial  is  made  by 
shifting  the  collar  a  very  little  and  watching  the  appearance  of  the 
image ;  sometimes  a  very  trivial  alteration  will  bring  out  fine  mark- 
ings much  more  distinctly ;  the  focus,  if  this  be  the  case,  will  also 
often  require  readjustment,;  but  before  making  this,  it  will  perhaps, 
if  only  trifling,  be  as  well  to  test  a  plate,  when,  should  the  negative 
be  found  defective  in  the  parts  most  sharply  focussed,  try  another, 
withdrawing  the  objective  by  the  milled-headed  screw.  It  is  often 
in  this  way  that  the  qualities  of  an  objective  are  rendered  evident. 
It  sometimes  becomes  very  troublesome  to  ascertain  these  points 
for  a  variety  of  objects  and  covers.  Assuming  that  the  plane  of 
the  greyed  glass  screen,  and  that  occupied  by  the  sensitised  plate, 
are  strictly  alike,  if  the  second  image  be  out  of  focus,  test  again  with 
the  apparent  necessary  change  learnt  fiom  a  close  examination  of 
the  negative,  and  the  image  on  the  screen.  When  once  correctly 
found,  note  the  division  of  the  screw  collar  and  the  distance  in  inches 
at  which  the  camera  stands  fixed  by  the  pegs,  and  seen  by  the  figures 
on  the  guides,  as  necessary  for  that  objective*  used  at  the  same 
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distance  wth  sunlight,  and  for  objects  covered  by  glass  of  that 
particular  substance. 

Dr.  Maddox  remarks,  that  when  the  edges  of  objects  under  the 
higher  powers  present,  on  the  grey  glass  screen,  a  faint  tint  of  claret 
on  the  one  side,  and  of  apple  green  on  the  other,  that  great  sharp- 
ness will  often  exist  in  the  negative ;  the  errors  of  the  pairs  of  lenses 
balancing  one  another  as  regards  the  actinic  focus.  The  roughness 
of  the  screen  will  not,  in  all  cases,  permit  of  the  eye  determining 
under  sunlight  the  best  focus  for  the  minute  markings,  and  some  fine 
diffusing  surface  must  be  chosen,  as  a  well-washed  sensitised  collo- 
dion plate  either  previous  to  drying,  flowed  by  a  solution  of  tannin 
or  albumen,  or  not, — or  the  surface  of  plate  glass  covered  by  fine 
weak  starch  paste  recommended  by  Mr.  Carey  Lea,  or  the  serum 
of  milk,  as  occasionally  used  by  Dr.  Maddox ;  some,  as  Dr.  Wood- 
ward, employ  plain  glass,  but  if  used  without  a  coloured  medium 
intervening,  there  may  be  some  risk  to  the  eye  in  working  with  the 
lower  powers.  The  object  can  likewise  be  focussed  through  a 
parallel  polished  plate  of  blue  glass.  Nothing  hitherto  has  been 
found  more  generally  serviceable  than  the  finely  ground  surface  for 
ordinary  work. 

Should  the  object  be  situated  any  distance  from  the  thin 
covering,  ue.^  have  much  of  the  mounting  medium  included  within 
that  space,  although  the  objective  may  visually  appear  to  work 
fairly  through  the  depth,  it  is  seldom  that  the  negative  of  the 
image  proves  satisfactory.  It  is  far  better  to  remount  the  object, 
or  select  another.  Indeed,  for  the  finer  work,  it  is  advantageous 
that  the  objects  should  lie  closely  on  the  under-surface  of  the 
thin  cover.  Diatoms  and  such  bodies  may  be  dried  on  it  and 
photographed,  or  after  drying  they  may  be  placed  on  the  drop 
of  balsam  warmed  on  the  glass  slide  ;  this  may  likewise  be  thin, 
and  certainly  should  not  be  thick.  If  there  be  any  vibration  from 
unsteadiness  of  the  apparatus,  or  from  ^-ind,  the  results  will  be 
unsatisfactory. 

343.  inscrtlBs  the  Plate. — The  suitable  sized  plate  of  properly 
cleaned  glass  being  selected,  and  the  materials  required  set  at  hand  in 
the  dark  room  or  portion  of  the  chamber  darkened  off  for  this  purpose, 
and  lighted  by  a  yellow  light  or  a  small  oil  lamp  with  yellow  glass 
sliade,  the  plate  is  held  by  the  sides  between  the  fingers  and  thumb 
of  the  left  hand,  face  down,  the  back  wiped  carefully  with  a  dry  wide 
flat  camel-hair  wash  tool,  to  remove  small  particles  of  cotton  or  dust  j 
then  taken  hold  by  a  pneumatic  holder  in  the  centre,  and  the  face 
dusted  over  with  the  brush.  Before  taking  the  holder  in  the  left 
hand,  see  that  the  neck  and  lip  of  the  collodion  bottle  are  perfectly 
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free  from  any  particles  likely  to  be  carried  on  to  the  plate  by  the 
stream  (the  finger  is  commonly  passed  over  these  parts  to  clear  them 
away),  pour  the  collodion  with  a  steady  flow  on  to  the  plate,  a  little 
nearer  to  the  left  hand  than  its  centre ;  while  flowing,  depress  the 
lower  and  upper  left  comers,  gradually,  to  bring  the  collodion  fairly 
to  iheir  edges,  at  the  same  time  that  the  pool  is  being  increased  by 
pouring,  and  then  lower  the  plate  to  flow  the  fluid  to  the  right  further 
comer,  and  pour  off"  at  the  lower  one  into  the  bottle,  resting  the  sides  of 
the  angle  on  the  lip,  and  rocking  it  to  keep  the  plate  slightly  inclined  ; 
drag  off,  as  it  were,  the  lower  part  against  the  neck  of  the  bottle, 
close  it,  and  hold  the  plate  horizontally  by  the  pneumatic  holder  for 
10  seconds  to  half  a  minute,  or  even  more,  according  to  the  setting 
quality  of  the  collodion ;  if  this  be  slow,  it  will  be  better  to  rest  the 
holder  on  some  flat  place  or  shelf,  that  the  warmth  of  the  hand  may  not 
cause  unequal  evaporation.  Once  seeing  this  operation  well  done  is 
better  than  a  lengthy  description.  Detach  the  plate  from  the  holder 
and  place  it  on  the  fluted  glass  or  silver  wire  dipper,  to  be  plunged  at 
one  gradual  stroke  into  the  nitrate  bath.  Here  it  is  allowed  to  remain 
for  one  minute,  then  raised  and  lowered  several  times  so  as  to  wash 
the  surface  well,  and  permitted  to  remain  in  the  bath  for  one  or  two 
minutes  longer,  when  the  dipper  with  plate  is  to  be  steadily  withdrawn; 
the  plate  removed,  and  rested  by  its  lower  edge  on  a  pad  of  clean 
blotting  paper,  the  dipper  returned  to  the  bath,  and  the  back  of  the 
plate  wiped  with  a  pledget  of  clean  rag,  being  gently  steadied  by  the  top 
corners  between  the  thumb  and  fingers  of  the  left  hand,  which  must  be 
dry  and  clean.  Open  the  back  of  the  plate  frame,  pi.  LIV,  fig.  331, 
and  place  with  the  right  hand  the  plate  into  the  frame,  which  should 
be  dry  and  free  of  dust,  face  do^^Ti wards,  close  the  back,  cover  the 
frame  with  a  large  piece  of  black  calico,  carry  its  lower  edge  down  to 
the  apparatus,  and  rest  it  against  the  wall  or  table.  Re-adjust  the 
prism,  remove  the  focussing  screen,  having  glanced  at  the  image  on  it, 
set  the  covered  card  against  the  achromatic  condenser,  pass  the  slide 
holder  under  the  focussing  cloth,  into  the  position  of  the  greyed 
screen  ;  lift  carefully  the  shutter  of  the  frame,  the  hands  being  under 
the  cloth  : — let  all  remain  for  a  moment  or  two  that  vibrations  may 
cease,  snatch  away  the  card  without  shaking,  and  replace  it  quickly, 
allowing  a  period  from  half  to  twenty-five  or  thirty-five  seconds  for  the 
image  to  be  impresssed  ;  the  time  must  be  leamt  by  practice ;  close 
the  shutter  gently,  withdraw  and  replace  the  frame  in  the  cloth,  pass 
the  focussing  screen  into  its  place,  again  snatch  away  the  card  and 
observe  the  image,  then  cover  the  prism  and  retum  with  the  slide 
holder  to  the  dark  room,  and  proceed  to  develope  the  picture.  The 
reason  for  the  re-observation  of  the  image  is,  to  see  if  the  object  and 
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its  focussing  have  not  been  in  any  way  deranged,  so  that  if  the  ileve- 
lopment  brings  out  a  good  image,  it  can  be  repeated  without  the 
necessity  of  returning  to  the  camera  before  the  second  plate  is  ready. 
S44.  DerelBptiiK  tbc  tmasc — Let  US  suppose  the  plate  to  be  a 
small  one.     First  see  thai  the  nitnUi;  balh  is  carefitUy  placed  out  oj  the 
way  of  all  splasku,  pour  into  a  clean  developing  glass  an  ounce  or 
more  of  the  iron  de\eloping  solution,  add  the  necessary  quantity  of 
alcohol,  or  syrup  and  alcohol,  and  mix  ;  remove  the  plate  from  the 
holder,  rest  it  face  up  on  a  levelled  developing  stand  set  in  a  large 
basin  or  pan,  dip  the  left-hand  cpposite  corners  between  the  finger 
and  thumb,  and  commence  the  second  step  by  flushing  the  surface 
with  some  of  the  iron  solution  ;  tip  the  plate  about,  that  the  liquid 
may  quickly  flow  up  to  all  the  edges,  then  move  it  gently  about  on 
the  top  of  the  stand  ;  the  light  from  the  protected  lamp  or  admitted 
through  the  yellow  glass  window  falling  nicely  on  the  surface,  watth 
for  the  appearance  of  the  image ;  this,  if  all  be  correct,  will  increase 
steadily  up  to  a  certain  point,  when,  if  left  longer,  the  plate  will  begin 
to  grey  all  over ;  just  before  thit  fvoultl  lake  place,  or  according  lO 
experience,  tip  up  the  plate  to  throw  off  the  developer,  flush  the  plate 
■well  with  water  from  a  jug  or  tap  protected  by  a  piece  of  fiannel  tied 
loosely  over  it,  to  remove  all  the  iron.     Now  examine  the  plalc  care- 
fully by  transmitted  light  from  the  window  or  lamp  with  yellow  shade, 
and  judge  if  it  be  worth  continuing  the  other  operations;  reflush 
again  with  water,  pour  off,  and  now  pour  on  the  fining  solutions — 
the  cyanide  of  poLissium  is  to  be  preferred — pour  this  along  the 
thickened  part  of  the  collodion,  lei  it  pass  over  all  the  plate,  and  in 
less  than  a  minute,  the  plate  will  be  cleared  of  the  unaltered  bromo- 
iodide  of  silver.     Wash  well   front  and  hack  with  clean  common 
water,  drain  the  plate  for  a  moment,  and  pour  on  it  along  the  edge 
sufficient  of  the  solution  of  iodo-iodide  of  potassium  to  well  cover  the 
surface  ;  allow  this  to  remain  on  the  plate  until  the  grey  colour  of 
the  image  passes  to  a  wanner  lone  (two  or  four  minutes  or  morej^ 
pour  ofl"  die  fluid,  examine  it  quickly  with  a  hand  magnifier  by  ord 
nary  light ;  if  it  now  has  the  appearance  of  being  in  focus,  wash  ij 
jilatc  well  with  common,  then  with  clean  fresh  rain  or  distilled  watec 
let  this  stand  on  it  whilst  you  pour  into  a  dean  developing  gl8| 
about  3^,  3,  or  more  drachms  of  the  pyrogallic  solution  ;  add  to  tltt 
from  6  to  lo  drops  of  the  30-grain  nitrate  of  silver  solution,  and  a  t 
4  drops  of  the  nitro-silver  solution,  mix  these  by  twirling  the  hu 
holding  the  developing  glass,  pour  off  the  water  from  the  plate,  ■ 
carefully  pour  on  along  the  edge  or  comer,  this  mixed  fluid,  so  as  || 
flow  to  the  edges  j  rock  as  before  t  after  a  brief  period,  according  \ 
the  appearance  of  the  image,  return  the  fluid  to  the  developing  glai 
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and  pour  on  again  ;  repeat  this  several  times,  just  holding  the  plate 
in  the  intervals  between  the  eye  and  lam]),  to  judge  of  the  increased 
intensity,  which,  when  it  appears  suBicienl,  should  in  the  darkest 
parts  permit  the  flame  of  the  lamp  or  yellow  window,  to  be  just 
seen  through.  Now  wash  well  with  water,  finish  with  a  little  soft 
water  ;  with  a  small  towel  wipe  the  back,  and  set  the  plate  to  drain 
in  a  plate  rack,  attaching  to  the  lower  comer  a  small  piece  of  bloHing 
paper,  or  the  plate  can  be  dried  off  at  once  over  the  lamp.  It  is 
sometimes  diflicult  to  judge  of  the  real  intensity  gained  under  this 
treatment,  when  the  image  is  observed  by  yellow  light,  therefore, 
after  the  flowing  over  of  the  iodide  of  potassium  solution,  the  re- 
mainder of  the  operations  can  be  conducted  by  the  direct  light  of 
the  small  lamp,  or  any  moderate  diffused  light 

Should  the  development  have  been  tarried  a  little  too  far,  or 
should  the  fine  transparent  markings  apfjear  thickened  or  clouded, 
before  setting  up  the  plate  to  drain,  flush  it  with  a  mixture  of 
equal  parts  or  the  cyanide  and  iodide  solutions  and  diatilled  water, 
then  well  wash.  Under  this  treatment  many  of  the  minute  spots  and 
ha!f-toned  points  become  remarkably  brightened.  Some  prefer  to 
intensiiy  before  using  the  cyanide  solution,  by.  first,  under  non-aclinic 
li^ht,  after  the  iron  developer  has  been  well  washed  from  the  plaie, 
pouring  on  the  pyro  solulion,  with  a  little  alcohol,  returning  it  to  the 
developing  glass,  then  adding  the  mixed  silver  solutions  and  repouring 
on  and  off  the  plate,  until  the  image  has  been  brought  up  to  the 
necessary  intensity,  when  it  is  to  be  well  washed,  and  then  treated 
with  the  hypo-fixing  solution  or  the  cyanide.  Or  the  operator  may 
proceed  to  intensify  after  well  washing  off  the  iron  solution,  after 
clearing  by  cyanide  or  hypo  solutions,  using  the  pyro  and  silver 
solutions,  without  the  previous  use  of  the  iodo-iodidc  of  potas- 
sium solution.  The  fixing  solutions  are  returned  to  their  vessels 
(short  wide-mouthed  bottles  or  jugs  are  convenient),  and  can  be 
used  over  and  over  again,  adding  a  fresh  quantity  as  occasion  may 
leiiuire ;  but  the  cyanide  solution  must  not  be  left  exposed,  for 
it  soon  loses  cyanogen,  and  the  vapours  are  deleterious.  Keep  the 
hands  continually  wiped  in  these  operations.  If  the  plate,  after  the 
application  of  the  iron  solution  and  cyanide  solution,  have  the  ai)pear- 
ance  of  under  exposure,  the  image  indistinct  in  detail — or  of  being  over 
exposed,  the  image  of  a  too  dark  and  uniform  character  throughout — 
orofbeingoulof  focus— it  will  not  be  worth  while  to  proceed  to  further 
develope  it :  wash  it  and  carry  it  to  the  light,  examine  it  with  the  hand 
magnifier,  as  some  part,  not  that  specially  focussed,  may  appear  the 
sharpest  and  serve  to  indicate  the  alteration  required  on  re-focussing. 
If  any  extraneous  light  should  have  entered,  through  defects  in  the 
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camera  or  at  the  vertical  frame,  or  from  the  slide-holder,  or  when 
preparing  the  plate  in  the  darkened  room,  or  before  applying  the 
fixing  solutions,  or  if  the  nitrate  bath  and  chemicals  be  not  in  perfect 
condition,  the  plate  when  cleared  will  appear  fogged  or  misty,  and 
not  yield  good  prints. 

Generally  it  is  advisable,  when  the  negative  appears  correct,  to 
take  a  second  one  under  the  same  arrangements,  only  re-arranging 
the  prism  ;  seldom  can  the  exact  relations  be  re-established,  and  after 
the  rendering  of  another  negative,  it  may  be  found  that  the  little 
alteration  in  the  illumination,  barely  visible  on  the  screen  to  the  eye, 
has  given  a  still  more  perfect  character  to  the  image,  or  further 
developed  some  of  the  finer  markings. 

34S.  Of  Increasing  the  Intensity  of  the  Negatlye. — There  is  much 
difficulty  in  obtaining  a  clean  dense  negative,  which  shall  preserve 
distinctness  in  the  finest  markings.     When  the  attempt  is  made  to 
procure  greater  intensity  by  the  intensifying    processes,  the  fresh 
deposit  of  silver,  with  the  shrinking  of  the  collodion  in  drying,  will 
often  so  completely  close  up  these  lines,  that  their  definition  becomes 
lost  in  the  print.     To  endeavour  to  still  preserve  these  and  add 
printing  intensity  to  the  negative,  some  employ  a  solution  of  bichloride 
of  mercury.     Dissolve  in  2  oz.  of  distilled  or  soft  water,  1 2  grains  of 
the  bichloride  of  mercury  or  corrosive  sublimate  ;  label  the  solution 
Poison.     After  developing  with  iron,  washing  and  continuing  the 
development  with  the  silver  and  pyro  solutions,  fixing,  and  re-wash- 
ing, the  plate  is  flushed  with  the  sublimate  liquid  (which  is  allowed 
to  remain  on,  until  the  image  becomes  of  a  dark  grey  colour  if  the 
solution  be  used  weaker,  2  grs.  to  the  oz.  of  water),  then  well  washed, 
and  recovered  with  a  weak  solution  of  iodide  of  potassium  from  i  to 
2  grs.  to  the  oz.  of  water ;  this  will  give  the  image  a  dirty  grey  or 
green  tinge,  which  will  often  dry  of  a  darker  colour.     The  bichloride 
can  also  be  used  after  the  iodide  of  potassium  solution,  taking  care 
to  wash  the  surface  well  before  applying  it,  then  again  washing  oflf 
with  water,  the  plate  may  be  covered  with  an  old  weak  solution  of 
hyposulphite  of  soda,  or  a  few  drops  to  half  a  drachm  or  more  of  the 
strong  liquor  of  ammonia  in  half  a  pint  of  water,  or  sulphide  of 
ammonium  in  water.     Some  employ  iodide  of  mercury  dissolved  in 
iodide  of  potassium,  and  thus  secure  its  advantages  by  one  opera- 
tion.    In  cases  in  which  the  bichloride  has  been  used  to  add  to 
the  intensity,  the  negatives,  when  dry,  often   present  a  remarkable 
sharpness;   but   it   is   no  uncommon   thing  to  find  that  when  the 
plate  has  been  dried,  spontaneously  even,  the  moment  it  is  handled 
the  collodion  flies   and  cracks   often  into   the   image;   to  prevent 
this  it  is  requisite  to  pour  over  the  plate,  after  the  last  washing,  a 
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weak  mucilage  or  gum  water.  In  this  case  care  must  be  taken  to 
well  dry  the  plate  prior  to  varnishing,  as  gum  is  to  a  small  extent 
an  absorbent  of  moisture. 

In  the  journals  and  manuals  on  general  photography  various 
methods  are  set  forth  to  endeavour  to  procure  by  one  operation 
sufficient  intensity  to  print  from.  Mr.  M.  Carey  Lea  strongly  recom- 
mends gelatine  soaked,  the  water  poured  off,  then  acted  on  (without 
heat  in  all  the  operations)  by  sulphuric  acid,  the  acid  to  be  taken  up 
by  the  gradual  addition,  when  cool,  of  clean  iron  filings  or  thin  iron 
wire,  and  the  excess  of  acid  finally  removed  by  the  acetate  of  soda. 
Others  have  proposed  the  solution  of  gelatine  in  acetic  acid  or 
nitric  acid  and  the  addition  of  this,  from  a  few  drops  upwards,  to 
the  ordinary  protosulphate  of  iron  or  ammonio  sulphate  of  iron 
developer,  without  the  acetic  acid  (Dr.  Towler's  method).  Some 
use  honey  or  a  little  albumen  added  to  the  pyro-acetic  and  silver 
solution  for  the  same  object. 

346.  VarnlshliiK  the  Plate. — ^When  the  plates  are  dry,  clean  off 
the  edges  with  a  damp  cloth  held  on  the  forefinger  nail,  wipe  well 
the  back,  and  hold  the  plate  before  a  clear  fire  until  moderately 
warm  to  the  back  of  the  hand ;  take  it  by  one  corner  and  pour  on 
the  varnish  (Soehnee  is  very  good).  Allow  it  to  flow  freely  over  the 
surface  and*  remain  for  half  a  minute  or  less  on  it,  then  pour  back 
the  surplus  into  the  botde  from  one  comer,  not  rocking  the  plate  ; 
let  it  drain  a  little,  then  hold  the  plate  towards  the  fire  vertically, 
the  edges  from  which  the  varnish  was  poured  being  downwards,  and 
wipe  them  with  a  piece  of  rag  or  tissue  paper  to  prevent  a  thickened 
line  being  formed  and  extending  inwards  as  the  plate  dries.  If 
intended  for  enlarging,  it  is  far  better  not  to  varnish  the  plate  in 
any  way ;  but  to  prevent  the  surface  from  being  injured,  it  may  be 
flowed  with  weak  albumen,  then  dried,  and  plunged  into  a  dish  of 
alcohol  as  advised  by  some. 

349.  Of  Cleansing  Old  PUtes. — ^The  soiled  and  used  plates  can 
be  cleaned  by  the  fresh  use  of  washing  soda ;  those  varnished  should 
be  allowed  to  soak  in  a  very  hot  strong  solution  of  this  substance, 
or  rubbed  with  a  pledget  of  tow  dipped  in  nitric  acid ;  or  treated 
by  Mr.  M.  Carey  Lea's  method.  If  they  are  to  be  used  again 
they  must  be  cleaned  with  great  care. 

The  third  stage  in  the  manipulation  closes  with  the  production 
of  the  image  on  paper,  technically  called  Printing. 

PRINTING. 

The  negative,  if  it  be  preferred,  can  be  handed  to  a  professional 
photographic  printer,  who,  however,  should  be  acquainted  with  the 
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character  of  the  object,  or  have  its  chief  points  named  to  him ;  other- 
wise a  print  may  be  returned  bearing  anything  but  a  semblance  to 
the  real  appearance  of  the  object,  as  seen  in  the  microscope ;  the 
tendency  generally  being  to  over-print  and  render  a  delicate  object 
heavy /and  out  of  all  character.  We  shall  complete  this  chapter  by 
offering  such  instructions  as  may  at  least  enable  the  amateur  to  print 
for  himself 

348.  Preparins  the  Paper. — Select  albmnenised  paper,  the  best 
procurable,  either  Rive  or  Saxe,  and  such  as  is  used  for  the  finest 
cartes  de  visite.  Cut  the  sheet  into  six  equal  parts  or  to  the  size 
convenient  for  sensitising,  or  according  to  the  size  of  the  negatives, 
taking  care  not  to  soil  the  surface  with  the  fingers. 

Take  the  paper  by  the  diagonal  comers,  bend  it  slightly  back 
and  lower  it  gradually,  without  any  stoppage,  albumen  side  down- 
wards, on  a  solution  of  nitrate  of  silver  60  to  So  grains  to  the  ounce 
of  water,  and  about  one  drop  of  nitric  acid  to  four  or  six  ounces  of 
liquid.  Be  careful  that  no  air  bubbles  are  confined  beneath  the 
paper.  To  ascertain  this,  lift  the  comer  by  a  pair  of  bone  forceps, 
allow  the  paper  to  remain  firom  one  to  two  minutes  for  the  80  grain 
solution,  and  three  minutes  for  the  60  grain  solution.  The  object 
is  to  form  a  chloride  of  silver  as  much  as  possible  on  the  surface  of 
the  albumen. 

Pin  up  to  drain,  and  append  a  piece  of  blotting  paper  at  the 
lowest  comer.  When  surface  dry,  if  required  at  once,  the  drying 
may  be  hastened  by  placing  the  i>apers  in  a  box  lined  with  blotting 
paper  and  heated  by  a  warm  clean  brick  or  corked  jar  of  hot 
water. 

The  paper  must  be  prepared  in  non-actinic  light,  and  can  be 
preserved  for  future  use  in  a  preservative  case  sold  for  the  pur- 
pose. 

The  negatives  are  wiped  on  the  back,  placed  face  up  in  the  print- 
ing frames,  figs.  332  to  335,  pi.  LIV,  the  sensitised  paper  put  face 
downwards  on  them,  then  covered  by  a  pad  of  red  blotting  paper  or 
cloth,  and  the  back  of  the  printing  frame  properly  closed.  These 
frames,  covered  by  a  dark  cloth,  are  carried  to  the  window  ledge  or 
table  at  an  open  window,  and  placed  so  as  to  receive  the  direct  sun's 
rays.  After  the  edge  of  the  paper  is  seen  to  be  well  browned  or 
bronzed,  the  back  of  the  printing  frame  can  be  carefully  opened  in 
diffused  light,  the  print  quickly  examined,  the  back  reclosed,  and  the 
frame  retumed  to  the  same  position  if  not  already  sufficiently  printed. 
When  the  printing  is  finished  float  the  prints  face  downwards  on  a 
large  flat  dish  of  clean  rain  water,  then  on  common  water  in  another 
dish ;  aftenvards  plunge  them  under  water  in  another  deep  vessel 
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allow  them  to  remain  for  five  or  ten  minutes,  occasionally  stirring 
them  about,  and  relay  another  set  They  are  now  ready  for  toning. 
Some  plunge  them  into  water  and  change  the  water  several  times, 
but  in  this  case  the  backs  are  wetted  and  the  unchanged  nitrate  or 
chloride  of  silver  admitted  into  the  pores  of  the  paper,  which  is  not 
advisable.  Before  placing  the  prints  in  the  toning  solution  it  is  as 
well  to  let  them  drain  against  the  sides  of  the  dish,  if  of  small  size  ; 
if  larger,  to  at  least  wipe  over  the  front  and  back  with  a  glass  rod, 
so  as  not  to  pass  them  into  the  toning  bath  in  a  very  wet  state. 

Sometimes  the  printing  is  better  if  conducted  in  a  north  light,  or 
under  ordinary  daylight  instead  of  sunlight,  according  to  the  character 
of  the  negative. 

349.  Tonlnff  ^Sointton. —  The  toning  solution  is  prepared  as 
follows : — 

8  drachms  of  distilled  water. 
7|  grains  of  chloride  of  gold. 

If  not  likely  to  use  the  solution  within  a  moderate  period,  i  drop 
of  hydrochloric  acid  is  to  be  added  to  the  above  solution,  which 
must  be  kept  in  a  stoppered  bottle  in  the  dark. 

Pour  one  drachm  of  the  gold  solution  into  a  clean  developing  glass 
or  measure,  and  add  one  ounce  of  distilled  or  soft  water.  Into 
another  clean  glass  vessel  put  half  an  ounce  of  soft  water,  and 
5  grains  of  bicarbonate  of  soda.  Part  of  the  soda  solution  is  to  be 
added  to  the  gold  gradually,  stirring  during  the  time.  The  solution 
is  to  be  tested  with  blue  litmus  paper.  The  addition  of  soda  solution 
is  to  be  cautiously  continued,  until  the  paper  is  no  longer  reddened. 
A  drop  or  two  more  of  the  soda  is  then  to  be  added,  and  the 
neutralised  solution  of  chloride  of  gold  poured  into  a  clean  small 
flat  dish,  and  mixed  with  about  8  ounces  of  soft  water.  Set  this 
near  to  the  window  screened  by  the  yellow  curtain  or  glass.  Re- 
move the  washed  and  drained  prints  from  the  dish,  and  pass  them 
into  the  toning  solution.  Here  they  are  to  be  kept  in  motion :  as 
they  appear  to  darken,  just  lift  the  curtain  aside  and  note  the  tint 
they  have  assumed  by  daylight,  but  they  must  not  remain  exposed 
to  the  light  any  time,  or  the  white  parts  will  be  injured.  The  other 
dishes  should  likewise  be  attended  to  and  covered  over  with  a  sheet 
of  paper  to  keep  the  light  from  them.  When  the  prints  appear  to 
have  the  desired  tint,  from  a  warm  brown,  through  neutral  tint  to 
nearly  black,  begin  to  remove  the  most  toned,  wipe  them  with  the 
rod  and  pass  them  into  a  dish  of  clean  water.  The  quantity  of  the 
toning  solution  prepared,  must  be  in  proportion  to  the  size  and 
number  of  prints,  about  i  grain  of  gold  to  one  full  sheet  of  paper. 

Sft«.  AniKlicr  Tonliis  %iiliitIiiB. — One  grain  of  chloride  of  gold, 
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or  I  drachm  of  the  solution,  is  to  be  neutralised  with  bicarbonate  of 
soda  in  9  or  lo  ounces  of  soft  water,  then  half  a  drachm  of  the 
crystallised  acetate  of  soda  is  to  be  added.  This  is  to  be  used  the 
day  after  making  ;  it  keeps  well,  and  can  be  strengthened  by  adding 
freshly  made  solution  prepared  somewhat  stronger.  Occasionally 
the  neutral  or  alkaline  solution  of  gold-bath  will  not  act ;  but  if  the 
dish  be  set  over  a  jug  or  basin  of  hot  water,  the  toning  action  will 
commence,  or  a  few  drops  of  the  chloride  of  gold  may  be  added. 
Good  toned  prints  have  also  been  produced  by  using  the  weakened 
neutral  solution  of  gold  and  soda  for  the  next  lot  of  prints,  adding 
some  fresh  solution  of  gold.  Other  toning  solutions  are  made  with 
biborate,  or  phosphate  of  soda ;  also  with  acetate  and  chloride  of  lime. 

The  unaltered  chloride  of  silver  has  now  to  be  removed  from 
the  paper. 

Sfti.  Fixing  Solatinii. — The  fixing  solution  is  made  by  putting 
into  a  gutta-percha  <lish,  kept  for  this  purpose  only,  according  to  the 
size  and  number  of  the  prints, — 

2  ounces  of  hyposulphite  of  soda  to  8  or  lo  ounces  of  soft  water. 

As  a  precaution,  in  case  the  hyposulphite  should  be  acid,  a  small 
lump  of  chalk  or  whiting  is  to  be  added.  Remove  the  prints  from 
the  water,  drain  well,  if  convenient,  against  the  sides  of  the  dish,  then 
pass  them  singly  into  the  fixing  solution,  keeping  them  there,  in  the 
case  of  a  thin  paper,  for  lo  minutes,  and  a  thick  paper  for  15  minutes. 
They  must  be  kept  in  motion.  These  different  processes  should  be 
conducted  more  or  less  continuously  so  as  not  to  lose  time. 

When  the  prints  are  removed  from  the  hyposulphite,  drain  well, 
then  pass  them  into  a  vessel  of  clean  water,  which  should  be  changed 
often  during  the  first  hour,  draining  completely  each  time.  They 
may  then  be  left  for  6  hours  or  longer,  the  water  being  changed 
every  half  hour,  or  kept  under  a  gentle  stream  of  water.  They  are 
to  be  finished  by  soaking  them  for  a  short  time  in  hot  water.  After 
this  they  are  pinned  up,  and  a  piece  of  bibulous  paper  attached  to 
the  opposite  end,  so  that  the  fluid  may  be  drained  off  quickly.  The 
hyposulphite  solution  should  be  used  when  freshly  made. 

SftS.  Of  HoiinUiiff  the  Prints. — The  prints  when  dry  are  unpinned, 
pressed  in  a  book  or  ironed  on  the  back,  then  trimmed  and  mounted 
on  card  or  thick  paper,  first  laying  them  in  the  folds  of  a  damp  cloth, 
and  the  cards  in  another  damp  cloth.  When  the  prints  lie  flat,  they 
are  to  be  removed  to  a  clean  surface  of  paper,  and  a  stiff  brush  with 
thick  mucilage  from  dextrine,  or  thick  white  starch  paste,  passed  once 
over  the  back  of  the  photograph,  which  is  then  placed  on  the  card 
in  the  desired  position.     A  clean  fine  cl<Ah  is  passed  over  it,  and 


WITH   THE    MICROSCOPE. 


275 


the  print  pressed  equally  all  over.   Some  use  thin  Scotch  glue  instead 
of  mucilage. 

When  the  cards  are  nearly  dry,  they  should  be  passed  through 
the  rolling  press. 

Many  useful  hints  on  various  subjects  connected  with  micro- 
scopical photography  will  be  found  in  the  Photographic  News 
Almanack  and  the  British  Journal  Photographic  Almanack  for  the 
last  few  years. 

SftS.  Haffneslnm  lAtflkU — ^Those  who  wish  to  devote  their  evenings 
to  the  production  of  negatives  of  microscopic  objects  may  employ 
the  electric,  oxy-hydrogen,  or  magnesium  light.  Mr.  Highley  has 
introduced  two  fonns  of  Electric  Regulator,  one  being  adjusted  by 
the  hand  but  with  provisions  for  keeping  the  point  of  light  central ; 
the  other  is  self-adjusting  and  is  excessively  sensitive.  A  third  fonn 
is  cheaper  than  the  foreign  instruments  hitherto  employed.  The 
oxy-hydrogen  lamp  is  the  same  as  that  described  under  the  Magic 
Lantern  apparatus. 

Dr.  Henry  Morton,  of  Philadelphia,  has  likewise  made  a  con- 
siderable improvement  in  magnesium  lamps,  by  adapting  a  metal 
chimney,  wide  enough  to  prevent  the  flame  from  touching  the  sides ; 
the  bottom  is  closed  up  either  by  metal  or  by  being  placed  in  a  dish 
of  water.  Opposite  the  ignited  wire  is  a  round  hole  in  the  side 
of  the  chimney  through  which  the  air  enters,  and  striking  against 
the  flame  increases  its  brightness  and  intensity  in  a  very  marked 
manner,  thus  effecting  equal  illumination  at  a  much  less  expense. 
Following  up  this  idea  for  ordinary  use,   Dr.  Maddox  has  con- 
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structed  an  apparatus  for  using  short  lengths  of  wire  in  photo- 
micrography, and  which  will  be  best  understood  by  a  reference  to 
the  figure.      A  stout  tin  tube,  about  8  inches  high  and  i\  inch 
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bore  fixed  in  a  wooden  base,  has  at  opposite  sides  at  the  eitMAM 
centre  of  the  microscope  or  camera  tube,  two  apertures  cut  J  of 
an  inch  in  diameter,  and  two  tubes  i  inch  in  length  soldered  in  ; 
in  these  short  tubes  slide  the  tubes  of  two  funnels  of  tin,  3^ 
inches  deep  and  aj  in  width,  blackened  inside.  Again  at  right 
angles  to  the  apertures  of  the  two  short  tubes  are  two  drcular  holes. 
Against  the  outer  rim  of  the  funnel  nearest  the  stage  is  placed  the 
plano-convex  condensing  lens,  and  against  the  rim  of  the  opposite 
funnel  a  hemispherical  concave  reflector  with  a  central  aperture. 
Beneath  the  short  tube  carrying  the  first  funnel  a  portion  of  ihe 
eight-inch  tube  is  cut  tongue  shape  and  turned  in  to  support 
narrow  spirit-lamp.  An  arrangement  is  made  in  the  support  hol< 
the  reflector  by  which  a  small  tube  can  be  passed  through  the  ceni 
hole  in  the  reflector,  and  by  allowing  a  weight  to  fall  .steadily  a  short 
distance,  a  wire  piston  is  carried  along  the  tube,  and  projects  the 
short  piece  (3  inches)  of  magnesium  wire  as  it  burns  away, 
the  ignited  point  being  in  the  centre  between  the  two  funneb 
and  at  the  foci  of  the  condensing  lens  and  silvered  reflector. 
This  plan  requires  a  Hide  experience  to  allow  the  necessary  motioa 
of  the  hand  to  compensate  for  the  rate  of  burning,  and  might  be 
constructed  as  self-acting,  but  practically  it  answers  very  well,  and 
is  easily  made. 

SB4.  PbtiMBrkphs  at  HlnwuMpIc  Old«eM  far  the  n«Kle  Lantern. 
— Although  no  means  are  yet  known  by  which  a  minute  object, 
magnified  by  the  higher  powers  of  the  microscope,  can  be  dirown 
upon  a  screen  so  as  to  be  seen  by  a  number  of  persons  at  once, 
almost  the  same  result  has  been  obtained  by  magnifying  a  photo- 
graph of  the  object  io  an  oxy-hydrogen  magic  lantern.  It  may  not 
be  misplaced  to  say  a  few  words  on  the  negatives  best  suited  for 
enlargement,  and  the  mode  of  enlarging  to  a  moderate  size.  The 
negative  should  be  clear  without  stains,  and  if  containing  only  a  single 
object — or  objects— separated,  the  field  should  be  only  sufficiendy 
dense  not  to  allow  any  light  to  pass  through  in  the  period  of  time 
necessary  to  secure  a  reversed  copy  or  positive  on  glass.  To  effect 
this  there  are  several  ways.  If  to  be  of  the  same  size,  a  sensitised, 
albumenised,  or  tannin  prepared  plate,  dry,  has  (he  negative  laid 
carefully  face  down  on  the  prepared  surface,  and  fixed  as  in  a 
printing  frame,  or  held  very  tightly,  then  exposed  to  ordinary  day- 
light for  a  few  seconds,  or  else  for  a  longer  period  opposite  a  fish-tail 
gas-light.  When  impressed  the  negative  is  removed,  and  the  image 
developed  in  the  manner  employed  for  the  kind  of  film  used.  A 
very  fine  deposit  is  retiuisitc,  therefore  the  development  should  be 
gradual ;   great   diversity  of  tone  is   procured    by  using  various 
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articles  in  the  developer,  or  following  its  re-application,  as  honey, 
raspberry  syrup,  &c.,  or  the  image  when  cleared  by  cyanide  of 
potassium  or  hyposulphite  of  soda  and  well  washed,  toned  by  a  gold- 
toning  solution. 

If  to  be  taken  on  a  wet  plate,  a  proper  copying  camera  or  two 
draw  cameras  are  commonly  used  :  the  negative,  face  towards  the 
interior  of  the  camera,  is  placed  in  the  ordinary  camera  slide,  and 
this  inserted  in  its  place  and  opened.  A  portrait  combination  is 
fitted  to  the  opposite  end  of  this  camera  if  the  negative  is  to  be  in  any 
way  enlarged, — if  not  to  another  camera,  and  the  front  lens  made  to 
face  the  negative ;  the  two  cameras  are  then  fixed  face  to  face,  and 
the  light  around  the  aperture  of  the  lenses  and  the  junction  with 
the  additional  camera,  made  absolutely  light-tight :  the  cameras  thus 
fixed  to  any  board  are  placed  so  that  the  negative  faces  a  north 
light ;  by  means  of  the  rack  and  pinion  of  the  combination,  and 
the  draw-part  of  either  or  both  cameras,  a  sharp  image  of  the 
negative  is  to  be  formed  on  the  greyed  glass  of  the  second  camera, 
and  then  received  as  in  the  ordinary  manner  on  the  prepared  plate  : 
a  short  exposure  only  is  needed.  It  is  as  well  to  limit  the  field  by 
placing  a  piece  of  thick  black  paper  with  the  necessary  size  or 
shaped  aperture  in  it,  on  the  back  of  the  negative  before  placing  it 
in  the  slide ;  care  should  be  taken  to  secure  the  negative  in  its 
position  in  case  of  accident.  Or  a  copy  can  be  made  by  placing 
the  negative  in  a  vertical  frame  supported  on  a  table  near  an 
open  window,  and  a  large  white  card  or  mirror  placed  a  little 
distance,  at  an  angle  behind  it,  so  as  to  illuminate  the  surface 
equally  by  transmitted  light,  and  the  ordinary  camera  used  as  in 
copying  engravings  or  pictures,  care  being  taken  that  the  reflected 
light  from  the  screen  is  not  thrown  into  the  lens  as  well  as 
transmitted  through  the  negative.  A  proper  copying  camera  is 
the  best  In  enlarging,  some  employ  a  special  reflector,  when  the 
position  of  the  negative  must  be  arranged  with  care.  The  positive 
thus  obtained  can  in  its  turn  be  made  to  furnish  a  second  negative 
of  a  similar,  larger,  or  smaller  size. 

As  these  photographs  abound  in  delicate  detail,  an  oxy-hydrogen, 
or  electric  lantern  with  achromatic  lenses  is  necessary  for  their  proper 
display.  The  lantern  and  arrangements  for  producing  the  li^t 
are  shown  in  plate  LV,  fig.  341.  The  lantern  should  be  made  of 
old  seasoned  mahogany,  so  that  warping  may  not  be  produced  by 
the  very  intense  heat  of  the  lime  light  Behind  the  spring  stage, 
which  carries  the  photographic  slide,  M.  T.  T.  Taylor  has  placed  a 
combination  of  lenses,  3^  inches  in  diameter,  called  "the  con 
denser."    {Sef  paper  in  Reports  of  the  British  Association )    The 
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object  of  this  arrangemenl  is  to  collect  and  concentrate  thq 
light  emitted  by  a  cylinder  of  lime  rendered  incandescent  by  an 
ignited  jet  of  oxy-hydrogen  gas,  upon  the  surface  of  the  photograph, 
through  which  it  passes,  and  then  converges  upon  an  achromatic 
combination  placed  at  a  proper  focal  distance  in  front'  The  rays  on 
passing  onwards  diverge,  and  the  enlarged  shadow  of  the  photogiapll  I 
is  projected  upon  an  opaque  or  transparent  screen.  By  this  nieansf 
all  the  details  of  an  object  less  than  a  pin's  point  in  size  raay  t 
shown  with  perfect  definition,  twent}'  feet  in  diameter.  The  hydr 
may  be  obtained  from  any  house  gas-supply  by  simply  connecting  tl 
tap  of  a  gas  bracket  by  a  piece  of  flexible  tubing  with  the  hydrog" 
tube  of  the  jet.  The  oxygen  is  obtained  by  heating  a  mixture  g 
thlorate  of  potash  and  oxide  of  manganese  in  a  proper  retort,  am 
collecting  the  gas  in  a  wedge-shaped  gas-bag,  after  passing  it  through 
a  wa-iihing  bottle  to  purify  it.  The  stopcock  of  the  gas-bag  is  con- 
nected with  the  oxygen  tube  of  the  jet  by  flexible  tubing.  The  jet 
is  so  arranged  that  it  is  impossible  for  any  accident  to  occur  in  the 
shape  of  an  explosion,  the  gases  only  being  combined  at  the 
extremity  of  the  jet  When  house  gas  is  not  attainable  the  jet  of 
oxygen  raay  be  forced  through  a  spirit  flame  on  to  the  lime  ball,  C 
if  a  small  disc  of  seven  feet  in  diameter  is  considered  suflidei 
such  photographs  may  be  shown  by  means  of  a  paraffine  or  oth 
hydro-carbon  lamp,  if  the  triple  condenser  and  single  achroni 
lens  recently  introduced  by  Mr,  Highley  be  employed. 

The  most  intense  light  is  obtained  by  replacing  the  housc-gj 
(carburetted  hydrogen),  with  pure  hydrogen  and  burning  both  g 
under  an  increased  pressure,  and  mixed  in  a  suitable  jet,  just  before 
being  forced  upon  the  lime  ball. 

Mr,  Robert  Grant,  of  New  York,  has  remedied  the  inconvenience 
of  the  usual  India-rubber  gas-bags  by  constructing  cylinders  of  iron 
of  aliout  one  cubic  foot  capacity,  and  charging  these  by  means  of 
condensing  pumps  with  the  gas  to  the  pressure  of  30  atmos|ihereB, 
being  equivalent  in  contents  to  six  of  the  gas-bags  generally 
employed.  The  advantages  over  the  gas-bags  are,  that  these 
jeservoirs  are  cheaper,  last  longer,  and  keep  the  gases  any  length 
of  time  undeteri orated.  They  are  always  ready  for  use.  the 
cumbrous  pressure  boards  and  weights  are  dispensed  with,  and  they 
are  free  from  danger  if  purchased  from  a  maker  that  can  be  relied 
00.  Every  bottle  should  be  subjected  to  a  suitable  test  before 
it  is  sent  out      The  drawback  to  this  arrangement  is   that  the 
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bottles  must  be  sent  to  the  manufacturer  to  be  filled,  as  the  gases 
are  forced  into  them  by  a  costly  pump  requiring  special  arrangements. 
Mr.  Highley,  who  has  given  particular  attention  to  the  improvement 
of  the  magic  lanterp  and  all  its  appliances,  has  quite  recently  under- 
taken the  production  of  these  "condensed  gas  bottles,"  and  the 
supply  of  oxygen  and  hydrogen  gas.  They  are  made  of  wrought  iron 
fitted  with  lever  valves  of  very  careful  construction,  and  are  tested  to 
withstand  more  than  double  the  pressure  they  will  ever  be  subjected 
to  in  practice.  He  finds  that  it  reduces  both  the  bulk  and  the  cost 
of  the  oxy-hydrogen  apparatus  very  materially.  It  promises  to  make 
a  most  convenient  and  efficient  arrangement  for  the  lecturer,  and 
may  also  be  used  for  projecting  a  powerful  beam  of  light  into  the 
cavities  of  the  human  body  as  for  laryngoscopic  examinations,  &c. 
See  Mr.  Highley's  paper  read  before  the  Society  of  Arts,  January 
4th,  1863.  Mr.  How,  of  Foster-lane,  also  makes  the  requisite 
instruments  and  apparatus. 


A  list  of  books  on  photography  of  value  to  the  practical  operator 
will  be  found  at  the  end  of  the  present  volume. 
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PART  V. 

OF    THE    HIGHEST    MAGNIFYING    POWERS    YET    MADF^   AND    OF   THE 
BEST  METHODS   OF  USING  THEM — NEW  METHOD   OF  PREPARING 

SPECIMENS     FOR    EXAMINATION   WITH    THE   HIGHEST   POWERS 

NEW  VIEWS  C0NCEIV4ING  THE  STRUCTURE,  GROWTH,  AND  NU- 
TRITION OF  TISSUES  AND  OF  LIFE — OF  THE  STRUCTURE  AND 
ACTION   OF   A   NERVOUS   APPARATUS. 

In  this  the  last  section  of  ray  book,  I  propose  to  consider  how 
objects  may  be  most  satisfactorily  exammed  with  the  aid  of  the 
highest  powers  yet  made.  I  shall  venture  to  describe  in  detail 
the  special  method  which  I  have  found  it  necessary  to  employ  in  my 
recent  investigations  upon  the  minute  structure  of  various  textures 
and  the  changes  which  take  place  in  the  course  of  growth.  By  this 
process,  sections  of  any  tissue  may  be  prepared  thin  'enough  for 
examination  by  powers  magnifying  upwards  of  5,000  diameters,  and 
the  vessels  may  be  injected  and  afterwards  displayed  in  the  same 
preparations. 

This  part  of  the  subject  introduced  for  the  consideration  of  the 
more  advanced  student,  should  not  be  studied  by  beginners  until 
they  have  honestly  gone  through  the  tables  at  the  end  of  the  volume, 
and  have  perfected  themselves  in  the  various  operations  there  indi- 
cated. When  the  elementary  principles  and  practical  details  have 
been  thoroughly  mastered,  the  observer  may  practice  the  process  of 
staining  tissues,  p.  107,  and  endeavour  to  make  exceedingly  thin 
sections,  p.  80.  In  this  way  he  will  be  gradually  led  to  attempt  to 
make  original  investigations,  and,  in  the  course  of  his  experiments, 
no  doubt  important  improvements  in  the  methods  of  preparation 
now  in  use  will  occur  to  him. 

SKK.  An  Apology  for  the  Use  of  very  hl^h  lllas:nlfyiiiff  Powers. — 
Before  describing  the  highest  magnifying  powers  and  the  method  of 
using  them,  it  is  unfortunately  necessary  for  me  to  allude  to  objec- 
tions which  have  been  raised  to  their  use  and  endeavour  to  answer 
some  of  them.  Some  persons  still  persist  in  asserting  that  no  advan- 
tage is  to  be  gained  from  powers  above  300  diameters.  Now,  it 
would  be  impossible  for  me  to  answer  all  the  objections  that  have 
been  raised  to  this  and  other  methods  of  observation,  in  Germany 
and  elsewhere,  and  it  is  obvious  that  every  obser\^er  has  a  perfect 
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right  to  work  as  he  likes — to  praise  any  processes  of  investigation 
which  he  believes  to  be  advantageous  and  condemn  those  he  con- 
siders objectionable.  Unfortunately,  however,  some  anatomists 
endeavour  to  disparage  the  means  of  research  which  they  cannot 
or  will  not  employ.  There  are  observers  who  will  not  admit  that 
the  simplest  and  only  efficient  manner  of  introducing  fluid  into  all 
parts  of  a  tissue  is  to  inject  it  by  the  vessels,  and  there  are  indi- 
viduals who  will  maintain  that  those  appearances  can  alone  be 
trusted,  and  accepted,  as  natural  appearances,  which  result  from 
observations  upon  tissues  immersed  in  water. 

It  is  indeed  most  certainly  true,  that  nothing  is  gained  by  sub- 
jecting specimens  immersed  in  water  to  the  highest  powers.  No 
wonder,  therefore,  that  authorities  who  entertain  this  opinion  should 
assert  that  high  powers  are  useless.  But  it  has  been  distinctly  proved 
that  water  alters  many  tissues  extremely,  and  completely  destroys 
some  of  the  most  delicate  textures.  Its  limpid  character  renders  it 
impossible  to  fray  out  many  delicate  tissues  immersed  in  it,  or  to 
subject  them  without  complete  destruction  to  the  amount  of  pressure 
sufficient  to  make  them  thin  enough  for  observation  with  high  powers. 
Notwithstanding  all  this,  not  a  few  observers  still  use  water  and 
solutions  of  which  water  is  the  principal  ingredient,  and  refuse  to 
adopt  or  admit  any  principles  opposed  to  this  plan.  Not  content 
with  working  on  in  their  own  way,  some  of  these  observers  do  all 
they  can  to  underrate  the  importance  of  observations  made  upon  any 
other  principles.  If  anyone  makes  out  new  points  of  structure  by 
any  new  method,  all  that  an  authority  who  difiers  has  to  do  in  order 
to  upset  his  views,  is  to  state  that  he  has  not  been  able  to  see  the 
structure  described.  If  an  authority  simply  denies  the  existence  of 
what  he  has  himself  been  unable  to  see,  he  is  but  too  often  implicitly 
believed,  although  he  may  not  have  taken  the  pains  to  try  the  only 
method  of  investigation  by  which  the  appearances  in  question  could 
be  seen.  Some  writers  without  having  ever  seen  points  of  structure 
described  by  others,  and  without  denying  the  truth  of  their  obser- 
vations, content  themselves  with  intimating  that  the  new  notions  are 
not  likely  to  be  true,  because  "  such  an  arrangement  does  not  exist 
in  the  corresponding  tissue  of  a  particular  animal  closely  allied  to 
the  one  in  question,"  which  they  have  elaborately  studied. 

Only  recently  an  article  has  appeared  in  a  well-known  journal,  in 
which  it  is  asserted,  as  an  argument  against  the  employment  of  high 
powers,  that  all  the  important  discoveries  in  natural  history  and 
anatomy  have  been  made  with  the  aid  of  powers  which  do  not  mag- 
nify more  than  the  quarter  of  an  inch  object-glass  (200  diameters). 
It  is  only  necessary  to  remark  that  the  writer  of  this  remarkable 
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paper  must  be  quite  ignorant  of  much  of  the  microscc^tc  vork  oi  the 
last  five  or  six  rears.  If  he  refers  to  the  journals  pobhshed  in  Ger- 
many, particularly  to  Schultz*  Archiv.  or  to  KoUikers  Zeitsdirift, 
or  to  the  Philosophical  Transactions  of  die  Royal  Sodetr,  or  the 
Microscopical  JoumaL  he  will  soon  be  convinced  he  is  mistaken. 
Vague  and  incorrect  assertions  of  this  kind  too  often  find  dieir  way 
into  journals  in  consequence  of  mere  carelessness  or  indolence  upon 
the  part  of  the  editors. 

It  is  not,  howe\'er,  to  be  wondered  at  that  the  introduction  of  new 
and  more  refined  methods  of  investigation  should  meet  with  consi- 
derable opposition,  for  in  all  departments  of  progressi^'e  knowledge 
are  to  be  found  men  who  seem  to  consider  it  their  special  doty  to 
disco\'er  as  soon  as  possible  any  symptoms  of  too  rapid  advance,  and 
oppose  them  i»ith  the  utmost  \'igour.  It  is  to  be  regretted  too  that 
sometimes  the  innovators  and  rebels  of  one  period  become  the 
obstructives  of  a  later  time.  Some  of  the  warmest  advocates  of  pro- 
gress seem  to  reach  a  period  in  their  career  when  they  tire  of  the 
constant  change,  and  become  unable  to  conquer  their  instinct  to  stand 
stilL  Regardless  of  the  struggling  crowds  behind  them,  they  long  to 
rest  in  a  position  which  they  have  at  last  acquired  after  years  of  intense 
labour ;  but  they  ought  to  remember  that  by  so  doing  they  are  consti- 
tuting themselves  the  strongest  opponents  of  scientific  progress  and 
the  enemies  of  true  science,  for  science  can  never  rest  without  the 
greatest  danger  of  retrograding  and  losing  much  of  what  has  been 
already  gained.  She  must,  therefore,  have  new  and  \-igorous  labomers 
a1wa3rs  ready  to  take  the  places  of  any  who  show  the  slightest  signs 
of  fatigue  or  longing  for  ease. 

There  are,  however,  some  branches  of  microscopical  enquiry  in 
which  it  is  generally  admitted  that  verj'  high  magnifying  powers  are 
absolutely  necessary.  For  example,  in  such  investigations  as  those 
which  have  lately  been  carried  on  by  M.  Pouchet  and  M.  Pasteur,  many 
of  the  more  minute  organisms  can  only  be  seen  by  a  power  magnify- 
ing upwards  of  i,ooo  diameters.  Bacteria,  magnified  i,8oo  and  3,000 
diameters  respectively,  are  represented  in  pi.  LVII,  figs.  372  to  377. 
If  still  higher  powers  had  been  brought  to  bear  upon  the  specimen, 
organisms  still  more  minute  than  any  represented  in  these  figures 
would  probably  have  been  demonstrated*    The  most  minute  of  such 

*  My  friend  Dr.  Child  who  has  paid  much  attention  to  the  subject  referred  to, 
makes  the  following  remarks  : — **  The  absolute  necessity  of  using  high  magnifying 
power  in  attempting  the  solution  of  some  of  the  problems  which  now  present  them- 
selves to  the  physiologist  is  well  shown  in  some  of  the  recent  investigations  into 
the  development  of  minute  fungi.  M.  Pasteur  has  been  in  the  habit  of  using  am 
object-glass  of  350  diameters,  sfchls  paper  in  the  Annales  de  Chimie,  voL  LXIV. 
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living  organisms  discoverable  by  a  power  of  10,000  linear,  has  been 
living  and  growing  for  some  time  before  it  attained  sufficient  dimen- 
sions and  density  to  be  visible  to  us.  I  believe  if  magnifying  power 
could  be  efficiently  increased  to  ten  times  ten  thousand  diameters, 
we  should  only  be  able  to  see  particles  of  living  matter  increasing 
in  size,  and  giving  rise  to  new  particles,  which  in  their  turn  become 
detached — and  so  on.  We  should  see  nothing  like  the  aggregation 
of  particles,  or  the  coalescence  of  already  existing  particles,  of  inani- 
mate matter  to  form  a  mass  of  living  matter.  We  should  see,  I 
believe,  nothing  but  the  increase  in  size  and  division  of  living  parti- 
cles already  in  existence.  We  might,  however,  be  able  to  demon- 
strate germs  of  a  degree  of  minuteness  not  yet  thought  of.  But  there 
is  another  matter  of  the  greatest  importance  in  the  consideration  of 
this  subject,  which  has  almost  entirely  escaped  notice.  Besides  extreme 
minuteness  in  size,  extreme  tenuity  or  transparency  may  interfere 
with  the  detection  of  an  object  Now,  the  greatest  difference  is 
observed  in  object-glasses  in  this  particular.  The  best  object-glasses 
will  define  clearly  and  accurately,  bodies,  which,  from  their  trans- 
parency, are  quite  invisible  under  objectives  only  slightly  inferior  to 
the  first.  I  feel  quite  sure  that  many  statements  recently  made  with 
reference  to  the  mode  of  formation  of  the  lowest  forms  of  life,  by 
the  process  of  aggregation  of  particles,  arise  from  imperfect  means 
of  observation,  anji  that  the  real  germs  existed  for  a  long  time 
before  they  possessed  sufficient  density  to  be  recognised  by  the 
object-glasses  employed. 

Objects  which  would  be  passed  over  by  the  observer  and  remain 
quite  unnoticed  when  examined  by  ordinary  powers  at  once  attract 
attention  if  very  highly  magnified.  If,  therefore,  high  powers  were 
of  service  only  in  bringing  important  but  most  delicate  peculiarities 
of  objects  under  observation — if  by  their  use  the  attention  were 
merely  directed  to  minute  points  which  would  otherwise  pass  unob- 

How  entirely  inadequate  is  such  a  power  for  the  purpose  of  demonstrating  the 
absence  of  these  minute  organbms  firom  a  sample  of  fluid,  is  shown  by  the  fact  that 
some  of  the  bacterians  figured  in  my  paper  in  the  Proceedings  of  the  Royal  Society, 
vol.  XIV,  p.  171,  measure  only  about  the  77^07  of  an  inch.  An  object  of  this 
size  when  examined  with  a  power  of  350  would  appear  to  the  eye  little  more  than 
^^  of  an  inch  in  diameter,  and  it  is  evident  that  any  number  of  such  objects  might 
be  easily  overlooked.  In  confirmation  of  this  view  I  may  cite  the  experience  of 
Prof.  H  allies  of  Jena,  who,  though  he  confirms  in  the  main  the  results  arrived  at 
by  M.  Pasteur,  yet  in  his  recent  work  G&hrungs-Erscheinungen  (p.  50-51)  insists 
strongly  upon  the  necessity  of  usbg  high  powers  in  investigations  of  this  nature. 
He  has  been  in  the  habit  of  using  powers  of  1,000  and  1,500  diameters,  and 
speaks  of  having  met  with  organised  bodies  so  minute  as  to  appear  as  mere  points 
even  when  so  examined  (p.  70)."  This  it  will  be  observed  is  quite  confirmatory 
of  my  own  observations  as  stated  in  the  text. — L.S.B. 
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served,  it  would  be  most  desirable  to  employ  them  in  canning 
advanced  work. 

The  use  of  high  powers  in  studying  the  peculiar  structure  of  the  won- 
derfully minute  diatomacCK  is  too  obvious  to  require  special  notice  here. 

Everyone  now  aiming  at  original  observation  upon  the  miiiute 
structure  of  living  beings,  must  become  skilled  in  the  use  of  (ar 
higher  magnifying  powers  than  those  formerly  considered  necessary. 
But  it  must  be  remembered  thai  in  this  department  success  depends 
entirely  upon  the  method  of  preparation  followed.  The  observer 
mtist  always  i^'n  by  using  low  powers,  and  as  he  improves  in  the 
mode  of  making  specimens,  he  may  advance  to  the  use  of  the  higher 
and  the  highest  powers. 

An  entirely  new  field  is  now  opening  out  for  exploration,  and  a 
vast  number  of  new  anatomical  facts  will  be  discovered  during  the 
next  few  years,  by  the  aid  of  new  methods  of  investigation,  and 
the  use  of  high  powers.  Original  research  in  this  department  of 
natural  knowledge  is  at  this  time  intensely  interesting,  for  the  points 
most  open  for  enquiry  involve  questions  of  fundamental  importance, 
which  when  determined,  will  give  rise  to  great  changes  for  the 
better  in  physiology.  Minute  anatomy  has  hitlierto  been  far  too 
little  studied  by  medical  practitioners.  Is  it  not  obvious  that  we 
ought  to  have  a  thorough  knowledge  of  mere  structure  before  we 
begin  to  discuss  action?  But  is  it  not  often  the  case  both  in  phy- 
siology and  medicine  tlial  mere  speculations  are  received,  and  widely 
taught,  which  might  be  completely  disproved  by  anatomical  facts 
already  demonstrated  ? 

3Sa.  «r  the  ■Ishest  Mtwnirj^as  Power*.— 1  include  under  this 
term  all  objectives  above  the  eighth,  ot  which  magnify  more  than 
400  diameters.  In  1859,  I  was  engaged  in  studying  the  arrangement 
of  the  nerves  in  voluntary  muscle,  and  succeeded  in  preparing,  by 
the  process  given  in  p.  29S,  some  exceedingly  thin  sections,  in  which 
most  delicate  nerve  fibres  could  be  distinguished,  but  these  were 
verj'  pale  and  transparent,  and  the  appearance  was  such  as  to  lead 
me  to  the  inference  that  in  many  cases  apparently  single  fibres  really 
consisted  of  several  very  fine  fibres.  I  desired,  therefore,  to  exami 
the  specimens  with  a  more  powerful  objective,  and  I  begged  M< 
Powell  and  Lealand  to  endeavour  to  make  for  me  a  glass  with  a 
nifjing  power  double  that  of  the  sixteenth,  which  they  succeeded  11 
making  in  1840.  In  the  year  t86o,  I  received  from  these  makers  the 
first  twenty-sixth  ever  made.  This  lens  magnified  1,800  diameters. 
I  have  now  had  great  experience  of  its  value,  and  can  speak  of  Jt  as 
a  roost  excellent  working  glass.  That  it  defines  exceedingly  well, 
and  admits  plenty  of  light,  is  obvious  from  the  (act  that  it  will  allow 
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of  the  tube  of  the  microscope  being  increased  considerably  in 
length.  By  a  working  glass ^  I  mean  one  that  can  be  employed  with- 
out great  trouble  or  difficulty,  and  does  not  require  any  elaborate 
arrangements  with  regard  to  illumination,  adjustment,  &c.  In  fact, 
it  works  fairly  even  without  a  condenser  of  any  kind,  the  common 
concave  mirror  being  alone  used.  There  is  plenty  of  room  for 
focussing,  although,  of  course,  specially  thin  glass  or  mica  must  be 
employed.  I  have  made  and  published  many  drawings  of  tissues 
of  the  higher  animals  magnified  with  this  glass,  and  it  need  scarcely 
be  said  that,  as  it  can  be  brought  to  bear  upon  textures  of  this  class 
(even  bone  and  teeth),  thin  sections  of  which  are  obtained  only  with 
great  difficulty,  it  must  be  readily  applicable  to  other  departments  of 
microscopical  enquiry.  Object-glasses  of  very  high  magnifying  power 
have  been  more  recently  made  by  other  makers.  Hartnack's  high 
f)ower  immersion  objectives  are  among  the  best  on  the  continent 
An  objective  of  high  magnif)dng  power  (a  twentieth)  with  a  single 
front  lens  was  made  three  or  four  years  ago  by  Messrs.  Smith  and 
Beck.  The  magnifying  power  is  about  one  third  less  than  that 
of  the  twenty-fifth,  and  it  appeared  to  me  that  the  definition  was 
not  so  good.  The  amount  of  light  admitted  was  ample.  It  is, 
however,  exceedingly  difficult  to  express  in  words  the  merits  of  one 
glass  as  compared  with  another,  and  there  can  be  no  doubt  that  an 
observer  who  has  used  one  glass  very  much,  especially  if  he  has 
made  new  observations  by  its  aid,  is  almost  of  necessity  prejudiced 
in  its  favour.  I  confess  that,  unless  I  had  worked  with  an  objec- 
tive for  a  considerable  period  of  time,  I  could  not  express  a 
decided  opinion  as  to  its  qualities.  The  difference  between  the 
working  powers  of  the  glasses  of  the  best  makers  is,  at  most, 
very  slight,  and  not  to  be  demonstrated  without  the  most  exact  and 
careful  examination.  At  the  same  time,  it  is  certain  that  the  slightest 
advantage  in  defining  power  ought  not  to  be  underrated,  for  it  may 
enable  the  observer  to  see  some  scarcely  perceptible,  but  neverthe- 
less most  important,  points  not  observed  before,  and  in  some 
instances  the  very  slightest  advantage  of  this  kind  may  necessitate  a 
complete  alteration  in  general  views  up  to  that  time  received  as  true, 
and  even  considered  to  be  fixed  and  unalterable.  Improvement  in 
the  means  of  observation  is  of  the  utmost  importance,  and,  however 
slight,  is  almost  invariably  soon  followed  by  the  discovery  of  new  facts. 
SKY.  "  immenloB  **  Twenty-fifth.  —  As  already  stated  in  p.  6, 
Hartnack,  of  Paris,  has  made  some  excellent  lenses  of  high  magni- 
fying power  upon  the  "  immersion  "  principle.  Messrs.  Powell  and 
Lealand  have  recently  made  a  twenty-fifth  object-glass  upon  the 
same  plan.     It  possesses  the  following  advantages  : 
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1 .  A  much  thicker  covering  glass  can  be  used  than  is  possible 
with  the  ordinary  -^ 

2.  The  specimen  is  much  more  highly  illuminated,  the  same 
lamp,  condenser,  &c.,  being  employed.  The  definition  is,  I  think, 
slightly  better,  but  the  difference  is  not  sufficiently  decided  to  enable 
me  to  speak  at  all  confidently  upon  this  point 

SK8.  Of  the  One-nmeth  ObjeetlTe. — Since  the  last  edition  of 
this  work  was  published,  Messrs.  Powell  and  Lealand  have  succeeded 
in  making  for  me  a  one-fiftieth  of  an  inch  objectrife  which  magnifies 
very  much  more  highly  than  the  twenty-fifth.  This  wonderfiil  glass 
was  completed  October  isth,  1864.  It  defines  quite  as  well  as  the 
twenty-fifth,  and  there  is  no  difficulty  in  obtaining  plenty  of  light  for 
the  illumination  of  the  objects  (Proceedings  of  the  Royal  Society, 
January  19th,  1865).  Some  drawings  by  this  objective  are  given  in 
my  Report  on  the  Cattle  Plague,  and  in  pi.  XXXVIII,  fig.  244,  and 
pi.  XL,  fig.  254,  of  this  work.  There  is  less  difficulty  in  bringing 
this  glass  to  a  focus  than  would  be  supposed,  although  of  course 
delicate  manipulation  and  some  degree  of  patience  and  care  are 
requisite  in  working  with  it. 

SK9.  The  Apimrent  8lze  of  an  Objeet  under  dUftrent  Powers. — 
The  following  circles  give  an  idea  of  the  size  which  objects  would 
appear  in  the  microscope  under  the  respective  magnifying  powers  as 
stated : — 

Molecule  goA^fl  of  an  inch  in  diameter  () 

X  250  linear.  ^.  .      . 

Molecule  -^^  of  an  inch  in  diameter 

X   700. 

o 

The  same  x  70a 


The  same  x   1800. 

The  same  x   1800. 


O 

The  same  x  4000. 


Molecule  -^-^  of  an  inch  in  diameter 

X  250  linear.  The  same  x  3000. 
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Yifrni  of  an  English  inch,  magnified  250  linear. 


17^  of  an  English  inch,  magnified  700  linear. 


Y^vw  o^  ^"  English  inch,  magnified  2800  linear. 

360.  Of  the  CoTerluff  Class. — ^The  cover  may  be  made  of  a  very 
thin  plate  of  mica,  but  glass  possesses  several  advantages.  Messrs. 
Chance,  of  Birmingham,  have  lately  succeeded  in  manufacturing  in 
quantity  glass  sufficiently  thin  for  the  iV^h.  This  is  supplied  by  Messrs. 
Powell  and  Lealand.  For  mere  examination  of  specimens,  thin 
plates  of  mica  answer  well,  and  they  may  even  be  used  for  mounting 
the  preparation ;  but  as  it  is  difficult  to  clean  the  surface  without 
scratching  it,  it  will  be  found  better  to  use  thin  glass  circles  as  the 
covers  of  specimens  which  are  to  be  kept  permanently. 

An  instrument  for  measuring  the  thickness  of  the  thin  glass  kindly 
lent  to  me  by  Mr.  Brooke,  is  represented  in  fig.  343,  pi.  LVI.  The 
method  of  using  it  is  too  obvious  to  require  explanation.  The  marks 
round  the  stem  indicate  tenths  of  a  millimetre.  The  thickness 
of  the  ordinary  thin  glass  is  about  3  or  4  tenths  of  a  millimetre,  that 
for  the  ^th  objective  under  two  tenths,  and  that  suitable  for  the 
jjgth  about  ^th  of  a  millimetre,  or  less  than  j^  of  an  English  inch. 

S61.  lUumlBatloii  of  Objects  Hairnifleil  Jtj  very  Hlffh  Powers. — 
In  using  the  sixteenth,  twenty-fifth,  and  fiftieth,  it  is  of  the  utmost 
importance  that  the  illumination  should  be  good.  As  already  stated, 
the  ordinary  concave  mirror  gives  light  enough  for  the  one  twenty- 
fifth  objective;  but  a  light  of  greater  intensity  and  far  superior  in 
quality  may  be  obtained  by  other  methods.  After  having  tried  a 
great  many  different  plans,  I  have  decided  in  favour  of  the  illumina- 
tion obtained  from  a  round  wicked  paraffin  lamp,  pi.  XI,  figs. 
47,  48,  brought  to  a  focus  by  a  condenser.  The  ordinary  con- 
denser answers  very  well  if  to  the  front  glass  is  fitted  a  cap  made  of 
very  thin  brass  having  a  perfectly  round  central  aperture  less  than 
the  3'^th  of  an  inch  in  diameter.  Reiner's  eye-piece,  as  before  ob- 
served, p.  24,  gives  the  brightest  illumination,  and  if  covered  with 
a  cap  having  an  aperture  of  about  ^j^  of  an  inch,  the  character  of  the 
light  is  all  that  can  be  desired.  Sufficient  light  is  afforded  by  this 
arrangement  when  the  tube  of  the  microscope  is  lengthened  so  as  to 
give  an  amplifying  power  equal  to  10,000  linear.  The  universal  con- 
denser referred  to  in  p.  25,  with  a  stop  upon  the  surface  of  the  front 
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lens  as  before  meniioned  gives  an  excellent  quality  of  light,  but  1 
intense  than  Reiner's  eye-piete. 

In  using  these  conclensers,  it  is  most  importatit  to  employ  the 
direct  light  from  the  lamp.  The  microscope  and  lamp  are  to  be 
arranged  as  represented  in  pi.  LVI,  fig.  344.  I  cannot  explaio  why 
the  illumination  should  be  so  much  belter  ihao  when  the  mirror  is 
employed,  but  I  am  sure  that  the  quality  of  light  produced  is  1 
more  favourable  for  minute  observation. 

I  have  tried  both  the  lime  and  magnesium  lights,  but  they  are  |1 
suitable  for  microscopical  observation,  the  glare  being  too  great,  fl 
the  arrangements  necessary  inconvenient  and  troublesome,  whj 
paraffin,  which  can  now  be  obtained  everywhere  without  any  diffici 
gives  most  satisfactory  results  at  perhaps  ygth  of  the  cost 

My  friend,  Mr.  W.  E.  Kilbum  has  much  increased  the  illumi- 
nating power  of  the  paraffin  lamp  by  causing  a  stream  of  oxygen  gas 
to  play  around  it  The  gas  is  contained  in  a  small  bag  which  is 
placed  under  a  weighted  board.  A  piece  of  line  India-rubber  tube 
connects  the  gas  bag  with  a  small  pipe  by  which  it  is  conducted  just 
outside  the  wick  of  the  lamp. 

%Vt.  nctbod  or  IncreaaliME  the  Hlzc  of  the  lm>8«  trfthoot  iUt«HaR 
tbe  Ob>|*«(-*ii»«- — Supposing  the  limits  of  magnifying  power  of  the 
object-glass  to  have  been  reached,  there  are  yet  methods  by  which 
the  dimensions  of  the  image  may  be  greatly  increased.  The  eye- 
piece may  be  changed  for  a  deeper  one,  or  the  distance  between  the 
object-glass  and  eye-piece  may  be  increased.  In  practice,  I  have 
found  that  the  latter  plan  is  so  much  more  advantageous  that  I  now 
never  use  a  deep  eyepiece. 

The  jV  objective  being  applied,— when  the  tube  is  increased  in 
length,  so  that  from  the  lowest  glass  of  the  object-glass  to  the  t 
glass  of  eye-piece,  the  distance  measures  24  inches, — the  magnify 
power  corresponds  to  upwards  of  10,000  diameters  :  when  the  le» 
is  20  inches — to  about  6,000  :  1 5  inches — to  about  j,6oo : 
to  about  1,800.  When  the  tube  is  thus  increased  in  length,  there  1 
oflcn  some  reflection  from  its  interior  which  renders  the  image  itK 
tinct,  an  inconvenience  which  may  be  remedied  either  by  increastn^ 
the  diameter  of  the  microscope  tube  to  about  2\  inches,  or  by  lining 
the  ordinary  tube  with  black  velvet 

SttS.  Ot  DrawlMB  Ol^rtTM  inMBnUlcd  with  Tcry  High  Powers. — 
In  delineating  the  appearances  observed,  I  never  represent  a  struc- 
ture more  highly  magnified  than  is  necessary  to  bring  out  the  points, 
but  I  have  found  that  as  I  improved  my  method  of  preparation, 
p.  290,  I  desired  higher  magnifying  powers,  and  I  am  quite  certain 
that  great  advantage  will  be  reape>3  when  powers  far  higher  tlian 
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any  yet  made,  or  thought  of,  shall  be  brought  to  bear  upon  many 
structures.  The  question  of  preparation  is  scarcely  more  than  a 
mechanical  one,  and  new  and  more  exact  means  of  preparing  speci- 
mens will,  I  feel  sure,  soon  follow  improvements  in  the  optical  part 
of  the  microscope. 

It  is  extremely  difficult  to  use  the  neutral-tint  glass  reflector  with 
the  highest  powers,  and  the  slightest  vibration  of  the  instrument 
causes  confusion  in  the  lines,  so  that,  in  practice,  I  have  found  it  the 
best  method  to  measure  the  distance  of  the  several  parts  of  the  object 
with  compasses,  and  then,  having  fixed  these  general  points  upon 
the  paper,  the  outline  of  the  object  can  be  easily  sketched  in. 
The  points  of  the  compasses  must  always  be  placed  on  the  same 
level  as  the  stage.  When  one  eye  is  directed  through  the  tube  of 
the  microscope  to  the  object,  and  the  other  upon  the  compasses,  the 
object  appears  as  if  it  was  outside  the  instrument,  and  can  be  readily 
and  most  exactly  measured. 

In  making  delicate  drawings  some  advantage  is  gained  by  limit- 
ing the  extent  of  the  luminous  field  by  the  ingenious  arrangement 
devised  by  Mr.  Slack.  The  cuijustabU  diaphragm  is  inserted  in  the 
eye-piece.  The  instrument  is  made  by  Mr.  Collins  and  can  be 
adapted  to  any  eye-piece. 

In  making  drawings  of  microscopical  objects,  it  is  usual  to  repre- 
sent the  image  the  size  it  appears  when  thrown  upon  paper,  with 
the  aid  of  the  camera  or  neutral  tint  glass  reflector,  at  the  distance 
of  ten  inches  from  the  eye,  the  arbitrary  point  at  which  the  magni- 
fying power  of  object-glasses  is  measured.  If  the  image  be  taken 
at  a  point  nearer  the  eye,  it  appears  smaller,  while,  at  a  greater 
distance,  it  of  course  appears  much  larger  than  at  the  arbitrary  dis- 
tance above  stated.  As  already  described,  large  diagrams  may, 
indeed,  be  made,  direct  from  the  microscope,  by  placing  the  diagram 
paper  at  the  distance  of  three  feet  or  more  from  the  eye,  and  tracing 
upon  it,  with  a  long  pencil^  the  object  as  reflected  from  the  neutral- 
tint  glass  reflector. 

In  practice,  I  have  often  found  it  almost  impossible  to  represent, 
in  drawings,  lines  as  fine  as  those  seen  in  the  preparation.  A  certain 
coarseness  is  inevitable.  The  copied  lines  and  markings  appear 
rougher  and  thicker  than  the  real  ones.  But  this  defect  is  to  some 
extent  remedied  by  drawing  the  object  somewhat  larger  than  it 
appears  to  be  magnified  at  the  distance  of  ten  inches  from  the  eye ; 
and  in  order  to  obtain  uniform  results,  I  always  draw  the  object  the 
size  it  would  appear,  if  copied  on  the  same  level  as  the  stage  of  the 
microscope.  The  scale  for  measurement  is  copied  at  precisely  the 
same  distance.    A  glass  which,  at  ten  inches,  is  said  to  magnify 
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100  diameters,  will  increase  the  image  at  this  point  to  115,  and  my 
^jlh,  instead  of  magnifying  about  1,600  diameterE,  increases 
image  of  the  object  to  1,800  diameters.  By  increasing  the  Ii 
of  the  tube  of  the  microscope  between  four  and  five  inches,  I  ol 
an  amplification  amounting  to  3,000  diameters,  and  the  yAts  ^ 
inch  becomes  upwards  of  three  inches  in  length,  p.  187.  The  lube 
of  the  microscope  bears  increasing  four  or  five  inches  in  length  even 
with  the  fiftieth,  and  in  this  way  I  have  been  able  to  see  points  in  an 
object  which  I  had  failed  to  observe  when  using  the  twenty-fifth. 

In  plates  LVII.  LVIII,  LXI,  LXIII,  some  coloured  figures 
are  given.  These  have  been  produced  by  a  double  printing. 
Several  different  hues  may  be  obtained  without  difficulty  as  in  litho- 
graphic colour  printing,  but  in  printing  large  numbers,  it  need 
scarcely  be  said  block  printing  is  much  cheaper  than  lithographic 
woric. 

NEW   METHOD   OF   PREPARING   SPECIMENS   FOR   RESEARCHES    WITH 
THE   AID   OF  THE   HIGHEST   MAGNIFYING   POWERS   VET   MADE. 

It  has  long  been  my  opinion  that  real  advance  in  our  knowledge 
of  minute  structure  depends  mainly  upon  improvements  in  the 
methods  of  demonstration.  Experiment  has  proved  that  the  arrange- 
ment of  the  elements  of  the  tissues  of  man  and  the  higher  animals  in 
the  recent  stale  is  not  to  be  made  out  by  examination  in  water,  serum, 
vitreous  humour,  and  other  solutions  usually  employed  for  this 
purpose.  In  very  many  cases  the  refractive  power  of  the  tissue  and 
other  physical  characters  interfere  with  the  clear  demonstration  of  its 
structure.  In  the  controversy  concerning  the  arrangement  of  ner\es 
in  voluntary  muscle,  an  independent  reader  would  not  fail  to  notice 
that  different  plans  of  demonstration  had  been  employed.*  This,  in 
some  measure,  explains  the  great  discrepancy  of  the  results  arrived  at. 
It  is  also  to  be  noticed  that  those  who  deny  the  truth  of  facts  stated 
by  previous  writers,  have  not  in  all  cases  adopted  the  method  of  in- 
vestigation recommended  by  them. 

In  my  first  paper  upon  the  distribution  of  nerves  and  muscle,  I 
slated  that  the  arrangement  there  described  could  not  be  seen  unless 
a  particular  process  of  preparation  was  followed,  yet  my  opponents 
have  not  adopted  the  plan  pursued  by  me,  nor  even  considered  the 
principles  upon  which  its  success  depends.  Nay,  although  I  strongly 
insisted  upon  the  importance  of  injecting,  partly  for  the  purpose  of 
ensuring  the  preservative  fluid  being  distributed  equally  to  all  pans 
of  the  tissue,  and  partly  to  prevent  the  possibility  of  vessels  bei 

•  Sir  '  An  Annlomical  Controversy,'  Archives  of 
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mistaken  for  fine  nerve  fibres — the  vessels  have  not  been  injected  in 
specimens  which  have  been  supposed  to  controvert  my  conclusions. 
The  mode  of  preparation  I  have  advocated  is  not  a  mere  hap-hazard 
plan,  but  is  the  result  of  information  derived  from  numerous  experi- 
mental observations  made  during  the  last  fifteen  years.  Some  have 
endeavoured  to  throw  doubts  upon  my  conclusions  by  describing  how 
little  they  have  themselves  been  able  to  see  after  the  rough  processes 
they  have  followed.  The  stout  denial  often  given  to  the  existence  of 
a  particular  arrangement  in  too  many  instances,  really  means  only 
that  the  individual  who  makes  it  has  never  seen  the  appearance.. 
The  only  wonder  is,  that  any  one  who  has  really  earnestly  studied, 
should  be  able  to  persuade  himself  that  he  has  seen  all  that  has  been 
or  all  that  can  be  seen. 

I  cannot  venture  to  hope  that  many  facts  I  have  observed  in  the 
minute  structure  of  the  central  and  peripheral  nervous  system,  will 
be  confirmed  until  the  process  adopted  by  me  is  followed  by 
others.     It  is  true  that  my  specimens  can  be  shown  to  others ;  but  it 
so  happens  that  working  men  have  but  few  opportunities  of  examin- 
ing each  other's  specimens,  and  when  an  opportunity  does  occur,  it 
not  unfrequenfiy  happens  that  time  is  not  allowed  to  investigate 
the  specimens  fairly.     The  consequence  of  this  is,  that  working  in 
circles  goes  on  to  a  terrible  extent     Great  labour  is  utterly  wasted, 
and  there  is  but  very  slow  progress  compared  with  that  which  would 
attend  our  efforts  if  observers  generally  were  agreed  upon  the  principles 
upon  which  minute  anatomical  observations  should  be  conducted. 
Doubtless,  every  observer  soon  finds  out  valuable  methods  of  detail 
for  himself  which  satisfy  him, — ^but  as  he  will  not  be  able  in  many 
cases  to  communicate  to  others  the  practical  details  upon  which  his 
success   depends,  it  is  often  exceedingly  difficult  to  ascertain  the 
real  merits  of  any  given  process.      Nevertheless,  it  is  a  question 
capable  of  being  settled  most  positively,  whether  nerves  can  be  fol- 
lowed in  tissues  which  are  impregnated  with  syrup,  glycerine,  or 
some  such  medium,  for  a  greater  distance  than  when  the  same  textures 
are  immersed  in  water,  serum,  vitreous,  &c.,  and  whether  or  not  more 
fibres  and  finer  fibres  can  be  seen  in  the  former  than  in  the  latter 
case.    A  simple  experiment  will  convince  any  one  that  this  is  so, 
and  if  observers  would  prepare  small  portions  of  the  same  tissue  in 
these  two  different  media,  and  compare  the  results,  they  would,  I  am 
sure,  soon  agree  upon  one  principle  of  great  importance  in  investigation. 
It  is  mainly  with  the  view  of  encouraging  free  discussion  upon  this  most 
important  question,  and  in  the  hope  that  ere  long  some  general  pro- 
cess of  investigation  may  be  followed,  that  I  publish  my  own  con- 
clusions and  describe  somewhat  minutely  the  process  which  I  now 
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follow.  I  do  not  for  one  moment  pretend  that  it  is  equally  appli- 
cable to  all  tissues,  or  that  it  will  succeed  in  all  hands ;  but  I  am  confi- 
dent that  it  is  based  upon  principles  of  the  utmost  importance  for 
successful  demonstration.  Every  year  I  myself  discover  improve- 
ments in  detail  of  the  utmost  advantage  ;  but  the  basis  of  the  process 
remains  the  same,  and,  as  I  have  now  been  actively  engaged  in 
minute  microscopical  investigation  for  twenty  years,  it  is  scarcely  p>os- 
sible  that  principles  which  have  been  adhered  to  so  long,  can  be  desti- 
tute of  advantages.  Moreover,  in  the  hands  of  some  of  my  pupils 
it  has  answered  as  well  as  in  my  own.* 

S64.  Conditions  to  be  folfllled  In  Demonstrating  Minute  Struc- 
ture by  the  Highest  Powers : — 

1.  Of  many  tissues,  sections  sufficiently  thin  for  high  powers 
cannot  be  obtained  by  the  processes  usually  adopted.  In  order  to 
make  the  specimen  thin  enough,  pressure  must  be  employed,  and  in 
many  instances  very  strong  pressure  is  required.  Even  by  very 
moderate  pressure,  tissues  immersed  in  water  are  destroyed  com- 
pletely, and  experience  has  proved  that  the  requisite  amount  of 
pressure  can  only  be  employed  if  the  tissue  be  immersed  in,  and 
thoroughly  impregnated  with,  a  viscid  medium,  which  is  not  only 
readily  miscible  with  water  in  all  proportions,  but  with  such  chemical 
reagents  as  may  be  required  to  act  upon  one  or  more  constituents  of 
the  tissue  for  the  purposes  of  demonstration. 

2.  As  many  structures  are  exceedingly  delicate,  and  undergo 
change  very  soon  after  death,  it  is  necessary  that  the  medium  in 
which  they  are  examined  should  have  the  property  of  preventing 
softening  and  disintegration,  and  should  act  the  part  of  a  preservative 
fluid. 

3.  In  order  that  tissues  should  be  uniformly  i>ermeated  with  a 
fluid  within  a  very  short  time  after  the  death  of  the  animal,  it  is 
necessary  that  the  fluid  should  come  quickly  in  contact  with  every 
part  of  the  texture.     This  may  be  effected  in  two  ways : — 

a.  By  soaking  very  thin  pieces  in  the  fluid,  or 

//.  By  injecting  the  fluid  into  the  vessels  of  the  animal. 

V 

4.  As  diffierent  structures  require  fluids  of  different  refractive 
power  for  their  demonstration,  the  medium  employed  must  be  such 
that  its  refractive  power  can  be  increased  or  diminished,  unless  for 

•  An  excellent  illustration  of  the  great  impKjrtance  of  careful  preparation  is 
afforded  by  the  reply  of  Mr.  Gedge,  of  Cambridge,  to  the  observations  of 
Dr.  Moxon,  concerning  the  distribution  of  nerve  fibres  to  the  muscles  of  a  culex 
larva. — Microscopical  Journal,  July  1867,  p.  193. 
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the  medium  fulfilling  the  former  condition,  another  can  be  readily 
substituted  which  fulfils  the  latter  requirements. 

5.  In  investigations  upon  the  changes  which  structure  undergoes 
in  the  organism,  it  is  necessary  to  distinguish  between  that  part  of 
the  texture  which  is  the  oldest,  and  that  which  has  just  been  pro- 
duced— between  matter  in  which  active  changes  are  going  on,  and 
matter  which  is  in  a  passive  state.  It  is  only  by  fulfilling  this  require- 
ment that  the  direction  in  which  growth  takes  place,  and  the  point 
where  new  matter  is  added,  can  be  ascertained. 

6.  It  is  most  important  in  many  investigations,  that  we  should  be 
able  to  distinguish  positively  the  vessels  from  the  other  constituents 
of  the  tissue,  and  it  is  necessary  that  the  process  by  which  this  is 
effected  should  not  interfere  with  the  demonstration  of  all  the  tissues 
in  the  immediate  vicinity  of  the  vessels. 

7.  It  is  of  the  utmost  importance,  that  the  medium  employed 
for  demonstration  should  have  the  property  of  preserving  the  speci- 
mens, so  that  observers  should  be  able  to  exhibit  their  preparations 
to  others. 

Glycerine  and  syrup  fulfil  the  requirements  mentioned  in  the 
foregoing  paragraphs. 

S6S.  Action  of  Glycerine  and  Symp  on  Tlssaes. — Strong  syrup 
may  be  made  by  dissolving  with  the  aid  of  heat,  lump  sugar  in  dis- 
tilled water,  in  the  proportion  of  about  three  pounds  to  a  pint. 

Glycerine  may  be  used  diluted  or  undiluted.  It  is  necessary 
in  many  cases  to  employ  the  strongest  glycerine.  In  this  country 
we  have  had  the  advantage  of  the  beautiful  preparation  called 
Price's  glycerine,  which  is  made  of  specific  gravity  1 240.  It  has  been 
said  that  glycerine  and  strong  syrup  are  not  adapted  for  preserving 
soft  tissues,  because  the  tissues  shrink,  and  soft  cells  collapse  in  con- 
sequence of  exosmose  of  their  fluid  contents.  But  I  have  many 
hundred  specimens  preserved  in  the  strongest  glycerine  I  could  pro- 
cure, and  I  should  be  glad  if  glycerine  could  be  made  of  still 
greater  density.  There  would  be  no  difficulty  in  impregnating  even 
very  sofl  tissues  with  it  In  fact,  the  objections  urged  are  theoretical, 
and  result  from  ignorance  of  some  properties  of  the  tissues  on  the 
part  of  those  who  have  advanced  them.  If  objectors  had  simply 
tried  the  experiment,  they  would  have  found  no  difficulty  whatever 
in  carrying  out  the  process.  Tissues  possess  a  considerable  elastic 
property,  and  although  they  shrink  when  immersed  in  a  medium  of 
considerable  density,  they  gradually  regain  their  original  volume  if 
left  in  it  for  some  time.  In  practice,  the  specimen  is  first  immersed 
in  weak  glycerine  or  syrup,  and  the  density  of  the  fluid  is  gradually 
increased.     In  this  way,  in  the  course  of  two  or  three  days,  the 
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soflest  and  .most  delicate  tissues  may  be  made  to  swell  out  almost 
to  their  original  volume  in  the  densest  glycerine  or  syrup.  They 
become  more  transparent,  but  no  chemical  alteration  is  produced,  and 
the  addition  of  water  will  at  any  time  cause  the  specimen  to  assume 
its  ordinaiy  characters. 

The  hardest  textures,  like  bone  and  teeth,  may  be  thoroughly 
impregnated  and  preserved  in  strong  glycerine,  p.  305.     Cerebral 
tissues,  delicate  nervous  textures  like  the  retina,  or  the  nerve  textures 
of  the  internal  ear,  may  be  permeated  by  the  strongest  glycerine,  and 
when  fully  saturated  with  it,  dissection  may  be  carried  to  a  degree  of 
minuteness  which  I  have  found  impossible  in  any  other  medium. 
Nor  is  the  use  of  glycerine  and  syrup  confined  to  the  tissues  of  man 
and  the  higher  animals.     I  have  preparations  from  creatures  of  every 
class.  The  smallest  animalcules,  tissues  of  entozoa,  polyps,  star  fishes, 
mollusks,  insects,  Crustacea,  infusoria,  various  vegetable  tissues,  micro- 
scopic fungi  and  algae  of  the  most  minute  and  delicate  structure,  as 
well  as  the  most  delicate  parts  of  higher  vegetable  tissues,  may  all 
be  preserved  in  these  viscid  media ;  so  also  may  be  preserved  the 
slowest  and  most  rapidly  growing,  the  hardest  and  softest  morbid 
growths,  as  well  as  embryonic  structures  at  every  period  of  develop- 
ment, even  when  in  the  softest  state.     I  am,  indeed,  not  acquainted 
with  any  animal  or  vegetable  tissues  which  cannot  with  the  greatest 
advantage  be  mounted  thus.     All  that  is  required  is,  that  the  strength 
of  the  fluid  should  be  increased  very  gradually  until  the  whole  tissue  is 
thoroughly  penetrated  by  the  strongest  that  can  be  obtained.     In  many 
cases  the  tissues  may  be  more  effectually  saturated  with  the  glycerine 
by  injection  than  by  soaking,  p.  298.     Glycerine  has  long  been  in 
use  among  microscopists,  but  my  object  is  to  show  that  it  is  uni- 
versally applicable,  that  it  or  syrup  may  be  made  the  basis  of  all 
solutions  employed  by  the  microscopical  observer  with  the  greatest 
advantage,  that  many  points  are  to  be  demonstrated  by  the  aid  of  these 
solutions,  which  have  hitherto  escaped  observation,  and  that  there 
are  reasons  for  believing  that  very  much  may  yet  be  discovered  by 
the  use  of  these  substances. 

S66.  or  the  AdvantasM  of  Viscid  Media  for  the  DlMecUan  mf 
TiMues  for  Examlnatloii  with  the  Hlirhest  Powers. — Minute  dissec- 
tion can  be  carried  on  in  these  viscid  media  with  greater  facility  and 
certainty  than  in  more  limpid  fluids.  I  can  readily  detach  the  most 
minute  parts  of  tissues,  separate  the  different  structures  in  one  tex- 
ture, without  tearing  or  destroying  them,  unravel  convoluted  tubes, 
and  perform  with  ease  a  great  variety  of  minute  operations,  which  it 
would  be  impossible  to  effect  by  any  of  the  ordinary  methods  of  dis- 
section.    With  care  in  regulating  the  temperature,  I  can  soften  tex- 
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tures  thus  preserved  in  syrup  to  the  precise  ex[ent  required  {> 
further  minute  dissection,  and  even  very  hard  textures  may  thus  t 

softened,  so  that  by  gradually  increased  pressure  and  careful  mauip, 

lation,  exceedingly  thin  layers  can  be  obtained  without  the  relation 
of  the  anatomical  elements  to  each  other  being  much  altered,  and 
without  any  of  the  tissues  being  destroyed. 

seq.  The  CKrmlnc  FloM  for  SUIdIiib  eermlnml  Huur. — The 
imposition  of  this  fluid  has  been  already  given  in  p,  109,  where  also 
iU  be  found  the  directions  for  making  it.  This  fluid  will  be  re- 
>quired  to  be  made  stronger  or  weaker  in  particular  cases  and  great 
advantage  sometimes  results  from  diluting  it  with  alcohol.  The 
^[uantity  to  be  added  to  obtain  the  best  results  can  be  ascertained  by 
tiying  a  few  experiments. 

The  length  of  time  required  for  staining  the  tissue  successfully 
much.  Some  tissues  are  coloured  very  slowly.  Fibrous  tissue, 
ine  _and  cartilage,  even  in  very  thin  sections,  will  require  twelve 
hours  or  even  more,  but  perfectly  fresh  soft  embryonic  tissues,  and 
very  thin  sections  of  the  hver  and  kidney,  thin  sections  of  morbid 
growths  rich  in  cells,  may  be  coloured  in  half  an  hour,  while  the 
individual  cells  of  the  above  structures,  placed  on  a  glass  slide, 
may  be  coloured  in  less  than  a  minute.  I  have  often  coloured  the 
germinal  matter  of  the  fresh  liver  cell  in  a  few  seconds,  by  simply 
allowing  the  carmine  fluid  to  flow  once  over  the  specimen. 


SMB.  Glreciine  Mid  Srmp. 
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^^1       I.    IVeak  common  glycerint  q(  ahoVil  the  specific  gravity  1050. 

^^K       3.  7^  sirongesi  J'rk^s  glycerine  ihisXcaxibtahxaXatA. 

^^  3.  Syrup  made  by  dissolving,  by  the  application  of  3  gentle  heat 
in  a  water  bath,  3  lbs.  of  sugar  in  a  pint  of  distilled  water.  A  weaker 
solution  can  be  prepared,  as  required,  by  mixing  equal  parts  of  syrup 
and  water. 

Although  I  have  found  syrup  of  great  value  in  many  special 
enquiries,  I  cannot  recommend  it  for  general  use,  in  consequence  of 
its  liability  to  be  invaded  by  numerous  fungi,  which  often  destroy  the 
specimen. 

aes.  The  mjeetins  Fluid. — For  injecting  the  finest  capillaries  in 
specimens  which  are  to  be  mounted  for  the  highest  powers,  I  have 
found  a  slight  modification  of  the  original  Prussian  blue  fluid,  the 
composition  of  which  is  given  in  p.  93,  fiilfil  all  the  requirements.  The 
following  mixture  has  succeeded  admirably  in  my  hands,  and  1  there- 
fore recommend  it  strongly.  It  penetrates  to  the  finest  vessels,  and 
may  even  be  forced  into  developing  capillaries  which  are  only  in 
part  pervious.     It  never  forms  a  deposit    The  specimens  injected 
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with  it  retain  their  colour  perfectly,  and  the  injected  tissues  can  also 
be  stained  with  carmine. 

Price's  glycerine,  2  oz.  by  measure. 

Tincture  or  solution  of  perchloride  of  iron,*  10  drops. 

Ferrocyanide  of  potassium,  3  grains. 

Strong  hydrochloric  acid,  3  drops. 

Water,  i  oz. 

Mix  the  tincture  of  iron  with  one  ounce  of  the  glycerine ;  and  the 
ferrocyanide  of  potassium,  first  dissolved  in  a  little  water,  with  the 
other  ounce.  These  solutions  are  to  be  mixed  together  very  gradually 
in  a  bottle,  and  are  to  be  well  shaken  during  admixture.  The  iron 
solution  must  be  added  to  the  ferrocycuiide  of  potassium.  Lastly,  the 
water  and  hydrochloric  acid  are  to  be  added.  Sometimes  I  add  a 
little  alcohol  (2  drachms)  to  the  above  mixture. 

This  fluid  (it  is  not  a  solution),  does  not  deposit  the  slightest  sedi- 
ment, even  if  kept  for  some  time,  and  it  appears  like  a  blue  solution 
when  examined  under  high  magnifying  powers,  in  consequence  of  the 
insoluble  particles  of  Prussian  blue  being  so  very  minute. 

If  preferred,  the  TumbuU's  blue  may  be  used  instead  of  Prussian 
blue,  half  the  quantities  of  the  ferridcyanide  of  potassium  and  sulphate 
of  iron  recommended  in  p.  94,  being  used,  and  the  hydrochloric 
acid  may  be  left  out.  The  glycerine  and  water  in  the  proportions 
just  given. 

S9*.  Other  Coloarlns  Solutions  with  Glycerine. — Many  of  the 
staining  fluids  given  in  pp.  no  to  113  may  be  prepared  with  glyce- 
rine. Thus,  I  dissolve  nitrate  of  silver,  the  anilin  colours,  and  many 
others,  in  glycerine  instead  of  in  water.  The  salt  should  be  dissolved 
in  a  very  little  water  in  the  first  instance,  and  this  solution  added  to 
the  glycerine.  Indeed,  all  the  fluids  I  now  use  for  preparing  speci- 
mens contain  syrup  or  glycerine  as  the  basis. 

S9l-  Glycerine  and  Water  and  Glycerine  and  Acetle  Add  for 
Washing  and  Pretervinff  thin  Sections. — After  the  specimen  has  been 
properly  stained,  small  pieces  are  to  be  washed  in  a  solution  con- 
sisting of — 

Strong  glycerine,  2  parts. 

Water,  i  part 

After  being  soaked  in  this  for  an  hour  or  two,  they  may  be  transferred 
to  the  following  acid  fluid : — 

Strong  glycerine,  i  ounce. 

Strong  acetic  acid,  5  drops. 

*  The  Tinctura  Ferri  Perchloridi  and  the  Liquor  Ferri  Perehhridi  of  the 
British  Pharmacopoeia  of  1867,  arc  of  the  same  strength,  and  consist  of  one  part  of 
strong  Liquor  Ferri  Perchlor  to  three  parts  by  measure  of  spirit  or  water. 
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After  the  pieces  of  tissue  have  remained  in  this  acid  fluid  for  three  or 
four  days,  it  will  be  found  that  they  have  regained  the  volume  they 
occupied  when  fresh.  Even  very  soft  and  pulpy  tissues  will  gradually 
swell  out  and  regain  their  original  volume  in  the  strongest  gly- 
cerine. 

On  Chemical  Reagents  Dissolved  in  Glycerine. 

It  being  established  as  a  principle  that,  for  minute  investigation, 
tissues  must  be  immersed  and  thoroughly  saturated  with  viscid  media 
miscible  in  all  proportions  with  water,  it  almost  follows  that  reagents 
applied  to  such  tissues  should  be  dissolved  in  media  of  the  same  phy- 
sical properties.  For  a  long  time  past  I  have  been  in  the  habit  of 
employing  solution  of  potash,  acetic  acid,  and  other  reagents,  dis- 
solved in  glycerine  instead  of  in  water.  Thus  a  complete  chemical 
examination  may  be  conducted  upon  tissues,  solutions,  or  deposits 
preserved  in  viscid  media.  The  reactions  are  most  conclusive,  but 
of  course  take  a  much  longer  time  for  completion  than  when  carried 
out  in  the  ordinary  manner.  Ten  or  twelve  hours  must  be  allowed 
to  elapse  before  the  change  is  complete,  and  the  process  is 
expedited  if  the  slide  be  placed  in  a  warm  place  (about  100®). 

S9S.  Acetic  Add  Syrap. — In  some  cases  I  have  found  the  addi- 
tion of  very  strong  solutions  of  certain  reagents  necessary.  For  ex- 
ample, the  greatest  advantage  sometimes  results  from  the  application 
to  a  tissue  of  very  strong  acetic  acid.  If  the  acid  be  added  to  glyce- 
rine in  quantity,  the  solution  will  no  longer  be  viscid,  so  that  another 
plan  must  be  resorted  to.  I  thicken  the  strongest  acetic  acid  with 
sugar,  a  gentle  heat  being  applied  to  dissolve  the  sugar.  Thus  a  very 
strong  acetic  acid  solution  of  the  consistence  of  syrup  can  be  most 
readily  prepared.  Fungi  do  not  grow  in  this  solution.  Specimens 
impregnated  with  syrup  may  be  transferred  to  glycerine,  but  they 
must  be  soaked  in  different  portions  of  weak  glycerine  for  some  time 
in  order  to  dissolve  out  the  sugar  thoroughly  before  they  are  trans- 
ferred to  strong  glycerine,  otherwise  crystallisation  of  the  sugar  will 
probably  occur,  and  the  preparation  will  be  destroyed. 

S9S.  Solutloiis  of  Potash  and  Soda. — Strong  solutions  of  potash, 
soda,  and  other  reagents,  may  be  added  to  the  strongest  glycerine. 

S94.  Solatlons  of  Chromic  Add  and  Bichromate  of  Potash. — A 
most  valuable  mixture  of  this  kind  to  the  microscopist,  is  a  solution  of 
chromic  acid  in  glycerine,  and  another  solution  of  bichromate  of 
potash  in  the  same  fluid.  A  few  drops  of  a  strong  solution  of  chromic 
acid  may  be  added,  so  as  to  give  to  the  glycerine  a  pale  straw  colour. 
The  bichromate  of  potash  solution  is  prepared  by  adding  from  ten  to 
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twenty  drops  of  a  strong  saturated  solution  of  bidiromatc  of  potash 
to  an  ounce  of  the  strong  glycerine.  By  this  plan,  the  haidcDing 
effects  of  these  reagents  upon  the  finest  nerve  tissues  are  improved, 
while  the  granular  appearance  which  is  caused  by  aqueous  soIutiotvE 
of  these  substances  is  much  less.  Sometimes  advantage  seems  to 
result  from  mixing  a  little  of  the  chromic  acid  with  the  acetic 
acid  solution  of  glycerine. 

If  desired,  sugar  may  be  substituted  for  glycerine  in  all  the  fluids 
employed,  including  the  carmine  and  injecting  fluids  ;  but  glycerine, 
although  more  expensive,  possesses  many  advantages,  and,  as  far  as 
I  am  able  to  judge,  is  the  best  viscid  medium  to  employ  for  general 
purposes. 

One  great  inconvenience  of  syrup  arises  from  the  growth  of  fungi, 
especially  in  warm  weather.  Camphor,  creosote,  carboli 
naphtha,  prevent  this  to  some  extent ;  but  it^is  a  disadvantage 
which  strong  glycerine  is  perfectly  free.  Sometimes,  too,  cryst3lltsa>? 
lion  occurs,  and  destroys  the  specimen.  In  using  first  a  syrupy  fluid, 
and  then  glycerine,  to  the  same  specimen,  it  must  be  remembered 
that  the  two  fluids  mix  but  slowly,  so  that  ]»lenty  of  time  must  be 

I  allowed  for  the  thorough  penetration  of  the  medium  used  last. 
I  keep  various  tests,  such  as  alcohol,  ether,  the  various  acids  and 
alkalies,  and  other  tests  in  the  form  of  viscid  solutions  made  with 
glycerine  or  sugar.  The  reaction  of  the  iodine  tests  for  amyloid 
matter,  starch  and  cellulose,  is  much  more  distinct  when  employetl 
in  this  way.  The  plan  is,  to  allow  the  texture  to  be  tested 
thoroughly  saturated  with  the  strong  glycerine  solutions,  and  then  to 
add  water.  In  the  course  of  a  few  hours  the  reaction  takes  piMce 
very  strongly. 
SIS.  or  tke  imectloB  of  ioIuiIOBa  af  «mrlmi«  CfcemleM  Cwtm< 
pMrndH  dlasoiTcd  In  sircerlBe. — When  it  is  desin;d  to  subject  the 
tissues  of  an  organ  or  of  the  body  generally  to  the  influence  ot 
certain  chemical  solutions,  these  may  be  injected  and  oftentimes  the 
most  perfect  results  are  obtained  by  this  process.  However  care- 
fully small  pieces  of  tissues  may  be  soaked  in  fluids  the  action 
irregular,  and  while  the  process  has  gone  too  far  upon  the  surface, 
the  interior  often  escapes  entirely.  But  by  injection,  every  part 
the  tissue  is  acted  upon  and  almost  precisely  in  the  same  degree. 
Many  beautiful  results  are  to  be  obtained  by  carrying  out 
and  the  skilled  observer  will  be  able  to  suggest  to  himself  many 
experiments  likely  to  lead  to  most  valuable  conclusions,  particularly 
in  connection  with  the  subject  of  development.  The  calcareous 
matter  of  bone  and  other  tissues  may  be  dissolved  out  in  this  way 
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of  the  most  delicate  tissues,  or  interfering  with  the  demonstration  of 
their  ultimate  structure. 


The  Preparation  of  Specimens. 

S96.  The  Praeticsl  OperatJoii  of  Prepuins  Ttssaea  ftir  ExmbI- 
natloii  with  the  Hlshett  Fowen. — ^The  general  plan  I  follow,  is  the 
same  for  all  tissues  of  all  vertebrate  animals  and  morbid  growths ; 
but  I  will  describe  the  several  steps  of  the  process  as  they  are 
conducted  in  the  demonstration  of  the  structure  of  the  ganglion 
cells,  described  in  my  paper  in  the  Phil.  Trans,  for  1863,  and 
of  the  papillse  of  the  frog's  tongue,  described  in  the  communica- 
tion presented  to  the  Royal  Society  in  June,  1864.  The  figures 
in  plates  XLIII,  LXVII,  and  XLVIII,  have  beai  taken  from  these 
memoirs. 

The  description  given  also  applies  to  the  mode  of  preparing 
specimens  of  muscular  fibre  to  demonstrate  the  mode  of  distri- 
bution of  the  finest  branches  of  nerve  fibre.*  See  plates  XXVIII, 
LIX,  LX,  LXI,  and  LXII.  It  is  the  same  plan  which  I  have 
followed  in  the  investigation  of  the  minute  structure  of  the  brain, 
spinal  cord,  and  ganglia  of  man  and  the  higher  animals,  f 

My  researches  upon  the  tissues  of  the  firog  have  been  principally 
conducted  upon  the  little  green  tree  frog  (Hyla  arborea),  for 
experience  has  proved  to  me  that  the  tissues  of  this  little  animal 
are  so  much  more  favourable  for  investigation  than  those  of  the 
common  frog,  that  it  is  well  worth  while  to  obtain  specimens,  even 
at  the  cost  of  2s,  or  zs,  6d,  each. 

ITie  frog  is  killed  by  being  dashed  suddenly  upon  the  floor,  but 
it  must  first  be  carefully  folded  up  in  the  centre  of  a  large  cloth, 
so  that  the  tissues  may  not  be  bruised  in  the  least  d^ee.  Next,  an 
opening  is  made  in  the  sternum,  the  heart  exposed,  and  a  fine 
injecting  pipe,  after  being  filled  with  a  little  injection,  is  tied  in 

*  *  On  the  distribution  of  nenres  to  the  elementary  fibres  of  striped  muscle.' 
Phil.  Trans.,  i860. 

'Further  observations.'    PhiL  Trans.,  1862. 

*  Further  observations  in  favour  of  the  view  that  nerve  fibres  never  end  in 
voluntary  muscles.'    Proceedings  of  the  Royal  Society,  June  5th,  1863. 

*  On  the  structure  of  the  sarcolemma  of  the  muscular  fibres  of  insects,  and  of 
the  exact  relation  of  the  nerves  and  tracheae  to  the  contractile  tissue  of  muscle.' 
Microscopical  Society,  June,  1864. 

t  *  On  the  minute  structure  of  the  grey  matter  of  the  convolutions  of  the  brain. ' 
Proceedings  of  the  Royal  Society,  vol.  XII,  671,  1863. 

'Indications  of  the  paths  taken  by  the  nerve  currents  as  they  traverse  the 
caudate  nerve  celb  of  the  spinal  cord  and  encephalon.'  Proceedings  of  the 
Royal  Society,  July,  1864. 
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the  artery.  This  part  of  the  operation  is  conducted  as  fully 
described  in  page  98,  except  that  the  Prussian  blue  fluid  given  in 
p.  296,  is  used  instead  of  the  more  inexpensive  fluid  made  with 
common  glycerine.  The  injection  ought  to  be  complete  in  from 
twenty  minutes  to  half  an  hour,  and  sometimes  in  less  time  than 
this.  The  injection  being  pale,  cannot  be  very  distinctly  seen  by 
the  unaided  eye,  but  if  the  operation  has  been  conducted  success- 
fully, the  tissues  will  be  found  swollen  and  the  areolar  tissue  about 
the  neck  will  be  fully  distended.  The  observer  must  not,  however, 
attempt  to  inject  a  Hyla  before  he  has  succeeded  in  injecting  the 
common  frog  perfectly,  for  the  Hyla,  being  smaller,  is  somewhat  more 
diflicult  to  inject  than  the  common  frog  or  the  newt. 

The  injection  being  complete,  the  abdominal  cavity  of  the  frog 
is  opened,  and  the  viscera  washed  with  strong  glycerine.  The  legs 
may  be  removed,  the  mouth  slit  open  upon  one  side,  and  the 
pharynx  well  washed  with  glycerine.  If  it  is  desired  to  prepare  one 
organ  only,  this  may,  of  course,  be  removed  and  operated  upon 
separately ;  but  I  generally  subject  the  entire  trunk,  with  all  the 
viscera,  to  the  action  of  the  carmine  fluid.  If  the  brain  and  spinal 
cord  are  special  objects  of  enquiry,  the  cranium  and  the  spinal 
canal  must  be  opened  so  as  to  expose  the  organs  completely,  before 
the  staining  process  is  commenced.  It  is,  however,  better  to  adopt 
the  process  described  in  p.  304,  and  in  investigations  upon  the  brain 
and  cord. 

Enough  of  the  carmine  solution  is  next  placed  in  a  little  porcelain 
basin  or  gallyf>ot,  to  cover  the  entire  trunk  and  viscera.  The  speci- 
men is  then  moved  about  in  the  carmine  fluid,  so  that  every  part 
that  is  exposed  is  thoroughly  wetted  by  it ;  sometimes  slight  pressure 
with  the  finger  facilitates  the  imbibing  process.  It  is  left  in  the 
carmine  fluid  for  a  period  varying  from  four  to  six  or  eight  hours, 
being  occasionally  pressed  and  moved  about  during  this  time,  so  as 
to  ensure  the  carmine  fluid  coming  into  contact  with  every  part. 
By  this  time  the  blue  colour  of  the  vessels  of  the  lungs,  viscera,  &c., 
will  have  entirely  disappeared,  and  all  the  tissues  will  appear  uni- 
formly red.  The  staining  is  now  complete.  The  carmine  fluid  is 
poured  off"  and  thrown  away,  and  the  preparation  washed  quickly  with 
the  glycerine  solution,  p.  296.  This  fluid  may  bd  preserved  in  a  wash 
bottle,  made  according  to  the  plan  figured  in  pi.  XXII,  fig.  143,  but 
smaller  than  this, — and  projected  upon  every  part  so  as  to  wash  away 
the  superfluous  carmine  fluid,  pi.  LVI,  fig.  342.  The  specimen  is  now 
placed  in  another  little  basin  and  some  strong  glycerine  poured  over 
it ;  it  is  then  left  for  two  or  three  hours,  and  a  little  more  strong 
glycerine  added ;  when,  from  six  to  twelve  hours  since  the  specimen 
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was  removed  from  the  carmine  solution  have  elapsed,  the  preparation 
is  ready  for  the  last  preliminary  operation.  The  glycerine  used  for 
washing  it  is  poured  off,  and  sufficient  strong  Price's  glycerine  added 
just  to  cover  it.  To  this,  three  or  four  drops  of  strong  acetic  acid  are 
added,  and  well  mixed  with  the  glycerine.  In  this  acid  fluid  the 
preparation  may  be  left  for  several  days,  when  a  small  piece  of  some 
vascular  part  may  be  cut  off,  placed  in  a  drop  of  glycerine,  and  sub- 
jected to  microscopical  examination.  If  the  injected  vessels  are  of 
a  bright  blue  colour,  and  the  nuclei  of  the  tissues  of  a  bright  red, 
the  specimen  is  ready  for  minute  examination  ;  but  if  the  blue  colour  is 
not  distinct,  three  or  four  more  drops  of  acetic  acid  must  be  added 
to  the  glycerine,  and  the  preparation  soaked  for  a  few  days  longer. 

If  the  nuclei  are  of  a  very  dark  red  colour,  and  appear  smooth 
and  homogeneous,  more  especially  if  the  tissue  intervening  between 
them  is  coloured  red,  the  specimen  has  been  soaked  too  long  in  the 
carmine  fluid  ;  but  in  this  case,  although  parts  upon  the  surface  may 
be  useless  for  further  investigation,  the  tissues  below  may  have 
received  the  proper  amount  of  colour. 

The  tissues  or  organs  to  be  subjected  to  special  investigation 
may  now  be  removed,  and  transferred  to  fresh  glycerine;  they 
may  be  kept  in  little  corked  glass  tubes,  pi.  XXII,  fig.  144,  and  pro- 
perly labelled.  Generally,  the  tissue  will  contain  sufficient  acetic 
acid,  but  if  this  is  not  the  case,  one  drop  more  may  be  added. 

Suppose,  now,  the  nerves  with  the  small  vessels  and  areolar 
tissue  at  the  posterior  and  lower  part  of  the  abdominal  cavity  have 
been  placed  in  one  tube,  and  the  prepared  tongue  of  the  Hyla  in 
another,  the  former  specimen  may  be  taken  out  of  the  glycerine  and 
spread  out  upon  a  glass  slide.  If  the  specimen  be  examined 
with  an  inch  power,  numerous  microscopic  ganglia  may  be  seen, 
pi.  LXVIII,  fig.  412.  Several  of  these  perhaps  are  close  to  small 
arteries.  Those  which  are  most  firee  from  pigment  cells  are  selected, 
and  removed  carefully  by  the  aid  of  a  sharp  knife,  fine  scissars, 
forceps,  and  a  needle  point.  This  operation  may  be  effected  while 
the  slide  is  placed  upon  the  stage  of  the  microscope.  The  trans- 
mitted light  enables  the  observer  to  see  the  minute  pieces  very  dis- 
tinctly with  the  unaided  eye,  if  necessary  a  watchmaker's  lens  or 
a  three-inch  power  may  be  used.  The  pieces  selected  are  trans- 
ferred to  a  few  drops  of  the  strongest  glycerine  placed  in  a  watch 
glass  or  in  one  of  the  little  china  colour  moulds,  §  85,  p.  47,  and 
left  to  soak  for  several  hours. 

The  microscopical  examination  of  the  specimen  may  now  be 
carried  out.  One  of  the  small  pieces  is  placed  upon  a  glass  slide, 
in  a  drop  of  fresh  glycerine,  and  covered  with  thin  glass.     The  glass 
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slide  may  be  gently  wanned  over  the  lamp,  and  ihe  ihin  glass  I 
down  upon  the  preparation  by  slight  taps  with  a  needle  point, 
specimen  may  now  be  examined  with  a  quarter,  and  afterwards  wi 
the  twelfth  of  an  inch  object-glass.  A  good  deal  of  granular  matter' 
will  possibly  obscure  the  delicate  points  in  the  structure.  The  slirfe 
is  again  gently  warmed,  and,  with  the  aid  of  a  needle,  the  thin  gla&s 
is  made  lo  slide  over  llie  surface  of  the  specimen,  without  the  posi- 
tion of  the  latter  being  altered,  and  then  removed  and  cleaned. 
The  specimen  is  then  washed  by  the  addition  of  drop  after  drop  of 
strong  glycerine  containing  five  drops  of  acetic  acid  to  the  ounce. 
The  slide  can  be  slightly  inclined  while  i(  is  warmed  gently  over  ifae 
lamp,  in  such  a  manner  that  the  drops  of  glycerine  slowly  pass  01 
the  specimen  and  wash  away  the  debris  from  its  surface. 

I  find  it  better  to  place  delicate  specimens  upon  a  circle  of  thin 
glass  about  j  of  an  inch  in  diameter,  instead  of  upon  a  glass  slide, 
The  circle  is  then  placed  in  a  wooden  slide  in  the  centre  of  which  a 
hole  has  been  drilled  0/  the  proper  dimensions  to  receive  it  A  ring 
of  gummed  paper  is  placed  at  the  back  of  the  slide  and  lo  this  the 
round  glass  is  fixed  when  the  specimen  has  been  covered  with  the 
smaller  circle  of  thin  glass,  and  this  has  been  properly  fixed  in  its 
place  by  cement. 

Dropping  Bottles. —"W^  most  convenient  instrument  for  dropping 
the  glycerine  on  the  specimen  is  a  little  bottle,  of  two  ounces 
capacity,  with  a  syphon  tube  drawn  to  a  point,  and  a  straight  tube, 
with  an  expanded  upper  part,  over  which  is  tied  a  piece  of  stout 
sheet  vulcanised  India-rubber.  PI.  LVI,  fig.  342.  Upon  coi 
pressing  the  air,  by  pressing  down  the  India-rubber,  the  glycerine 
forced  drop  by  drop  through  the  syphon  tube  and  allowed  to 
upon  the  specimen.  These  tittle  bottles  can  be  obtained 
Mr.  Matthews,  Mr.  Highley,  and  Mr.  Collins. 

When  several  drops  of  pure  glycerine  have  been  allowed  to  flow- 
over  the  specimen,  the  thin  glass  cover,  after  having  been  cleani 
is  re-applied  and  pressed  upon  the  specimen  very  gradually, 
more  firmly  than  before.     Any  excess  of  glycerine  is  easily  remo" 
by  placing  small  pieces  of  clean  blotting  paper  at  the  side  of 
thin  glass.     If  .the  preparation  looks  pretty  clear  when  examint 
with  the  twelfth,  the  glass  cover  may  be  cemented  down  with  Bell' 
cement,  p.  48,  and  the  specimen  left  for  many  days  in  a  quiet  plac^ 
It  may  then  be  re-examined,  the  process  of  washing  with  glycerine 
repeated,  and  furdier  pressure  applied  until  it  is  rendered  as  thin  as 
is  desired.     When  this  point  has  been  reached,  more  glycerine  wil' 
acetic  add  is  to  be  added,  and  a  plate  of  mica  or  the  thimusi  gl 
aver,  p.  287,  applied,  when  it  may  be  examined  with  the  IweW 
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fifth.  The  process  of  flattening  may  be  pushed  still  further  if 
desirable, — and  if  only  carried  out  very  slowly  by  gentle  taps  or 
carefiil  pressure  with  the  finger  and  thumb,  from  day  to  day,  the 
elements  of  the  tissues  are  gradually  separated  without  being 
destroyed.  If  there  be  much  connective  tissue,  which  interferes 
with  a  clear  view  of  the  finest  nerve  or  muscular  fibres,  it  may  be 
necessary  to  immerse  the  specimen  for  some  days  in  the  acetic  add 
syrup,  and  then  transfer  it  to  fresh  glycerine. 

The  success  of  this  process  depends  upon  the  care  and  patience 
with  which  it  is  carried  out  The  most  perfect  results  are  obtained 
in  cases  where  the  washing,  pressure,  and  warming  have  been  very 
slowly  conducted,  and  it  is  most  interesting  to  notice  the  minute 
points  of  structure  which  are  gradually  developed  and  rendered 
clearer  by  the  repeated  application  of  a  gentle  heat,  subjecting  the 
specimen  to  a  little  firmer  pressure  or  by  fiirther^soaking  in  a  little 
fresh  glycerine  placed  in  a  watch-glass. 

Specimens  of  tissue  prepared  in  this  way  can  be  transferred  from 
slide  to  slide,  and  no  matter  how  thin  they  may  be,  after  having 
been  allowed  to  soak  in  fresh  glycerine  they  may  always  be  laid  out 
again  perfectly  flat  by  the  aid  of  needles  upon  another  slide. 
The  action  of  these  viscid  fluids  is  most  valuable,  and  I  feel  sure 
that  by  the  process  here  given, — the  principle  being  retained  but 
the  details  modified  in  special  cases,  many  new  and  important 
anatomical  facts  will  be  discovered. 

The  process  of  preparing  the  papillae  of  the  frog's  tongue  is 
precisely  the  same.  Small  pieces  of  the  mucous  membrane  being 
removed  by  sharp  scissars,  they  are  transferred  to  glycerine,  subjected 
to  the  same  very  gradually  increased  pressure,  until  the  individual 
papillae  are  themselves  slightly  flattened.  It  is  possible  from  a  spe- 
cimen to  remove  a  number  of  the  separate  papillae  on  a  needle  point, 
transfer  them  to  glycerine  or  to  the  acetic  acid  syrup,  and  then  mount 
them  for  examination  with  the  ^th  object-glass  All  the  points  I 
have  described  and  figured  in  my  paper  (Royal  Society,  1864)  may 
then  be  demonstrated  in  several  papillae,  pL  LXIII,  fig.  389. 

Thin  sections  of  brain,  spinal  cord,  &c.,  may  be  subjected  to  the 
same  process  for  examination  with  the  highest  powers.  The  speci- 
mens illustrating  my  paper  on  '  Indications  of  the  paths  taken  by 
the  nerve  currents  as  they  traverse  the  caudate  nerve  cells  of  the 
spinal  cord  and  encephalon,'  published  in  the  Proceedings  of  the 
Royal  Society,  July,  1864,  were  prepared  in  the  manner  already 
described,  but  they  were  soaked  for  some  months  in  a  weak  glycerine 
solution  of  acetic  acid.  The  most  delicate  preparations  retain  their 
characters  for  many  months,  and  some  for  several  years,  so  that  in 
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many  cases  the  very  preparations  from  which  my  drawings  have 
been  made,  have  been  preserved,  and  may  now  be  compared  with 
them. 

899.  m94!UkeaU€fa  of  tbe  above  Plan. — Acting  upon  the  prin- 
ciples above  referred  to,  I  have  more  recently  modified  the  foregoing 
process  by  injecting  the  alkaline  carmine  fluid  into  the  vessels  in 
the  first  instance  for  the  purpose  of  staining  the  germinal  matter  of 
the  tissues,  and  afterwards,  when  the  colouring  was  complete,  the 
acid  Prussian  blue  fluid. 

The  carmine  fluid  employed  should  be  stronger  than  that  already 
recommended,  p.  109,  and  it  is  better  to  add  a  little  more  alcohol 
The  following  succeeds  well  for  the  firog  and  newL 

Carmine,  15  grains. 
Strong  liquor  ammonisB,  \  drachm. 
Price^s  glycerine,  2  ounces. 
Alcohol,  6  drachms. 

This  fluid  is  to  be  injected  carefully  with  very  slight  pressure,  bear- 
ing in  mind  that  the  alkaline  ammonia  is  very  apt  to  soften  the  deli- 
cate vascular  walls.  When  the  vessels  are  fully  distended,  the  pre- 
paration is  to  be  left  for  from  twelve  to  twenty-four  hours,  in  order 
that  time  may  be  allowed  for  the  carmine  fluid  which  has  permeated 
the  capillaries  in  all  parts  of  the  body  to  soak  through  the  diflferent 
tissues  and  stain  the  germinal  matter  fully.  Next  a  little  pure  glyce* 
rine  is  to  be  injected,  in  order  to  cause  any  carmine  fluid  still  remain- 
ing in  the  vessels  to  pass. thro  ugh,  or  to  dilute  it  so  much  that  car- 
mine will  not  be  precipitated  in  quantity  by  the  acid  fluid  now  to  be 
introduced. 

The  fine  Prussian  blue  injecting  fluid,  the  composition  of  which 
is  given  on  p.  296,  is  now  to  be  injected  with  the  utmost  care,  for  the 
vessels,  particularly  of  young  animals,  having  been  somewhat  softened 
by  the  ammonia  are  very  liable  to  give  way  if  much  pressure  be 
applied.  When  the  vessels  are  fully  distended  with  the  Prussian  blue 
fluid,  the  injected  preparation  is  to  be  divided  into  small  pieces,  and 
these  are  to  be  soaked  in  glycerine  and  acetic  acid,  as  has  been 
already  recommended  in  p.  296. 

Very  beautiful  specimens  from  every  tissue  in  the  body  of  a  small 
animal  (frog,  newt,  mouse,  bat,  small  bird,  &c.),  may  be  prepared  in 
this  way  ;  but  as  the  operation  of  injecting  has  to  be  performed  tn-ice 
there  is  greater  risk  of  rupturing  the  vessels.  The  student  should 
therefore  be  an  experienced  injector  before  he  attempts  to  carry  out 
this  process,  or  he  will  meet  with  disappointment,  and  waste  his  in- 
jecting fluids. 
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318.  Of  tke  Preparation  of  Hard  Tlssaes  for  Examination  wltb 
the  Hlgrlitst  Powers,  Bone,  Teetk,  &e. — ^The  methods  generally  em- 
ployed, p.  82,  for  demonstrating  the  structure  of  bone,  teeth,  and 
other  hard  tissues,  only  enable  us  to  form  a  notion  of  the  dead  and 
dried  texture.  The  soft  material  is  dried  up  before  the  section  is 
made. 

And  yet  this  very  soft  material,  which  is  not  represented  in 
the  drawings  published  in  many  works,  is  that  which  makes  the 
difference  between  the  dead  bone  or  tooth,  and  that  which  still 
remains  an  integral  part  of  the  living  body.  So  far  from  this 
soft  matter  being  unimportant,  it  is  the  most  important  of  all  the 
structures  of  the  hard  texture.  It  is  by  this  alone  that  all  osseous, 
and  dental  tissues  are  formed  and  nourished.  From  the  arrangement 
of  this  soft  matter  not  having  been  generally  recognised,  the  most 
erroneous  ideas  have  prevailed,  and  still  prevail,  upon  the  formation 
and  nutrition  of  these  hard  tissues. 

Even  now  it  is  generally  believed  that  the  dentinal  tubes  are  real 
tubular  passages  for  conveyingy7i////j  to  all  parts  of  the  dentine,  and 
are  thus  subservient  to  its  "  nutrition,"  and  yet  it  is  more  than  eight 
years  since  Mr.  Tomes  proved  most  conclusively  that  these  so-called 
"  tubes "  were  occupied  in  the  recent  state  by  a  moist  but  toler- 
ably firm  material  (Phil.  Trans.,  February,  1856).  I  have  verified 
Mr.  Tomes*  description,  and  am  quite  certain  that  the  so-called  den- 
tinal tubes  are  not  channels  for  the  mere  flowing  up  and  down  of 

nutrient  fluid.* 

Suppose  a  tooth  is  to  be  prepared  for  minute  microscopical  in- 
vestigation, we  may  proceed  as  follows.  The  same  plan  is  applicable 
to  bone  and  shell. 

1.  As  soon  as  possible  after  extraction,  the  tooth  may  be  broken 
by  a  hammer  into  fragments,  so  as  to  expose  clean  surfaces  of  the 
tissues.  Pieces  of  dentine  with  portions  of  pulp  still  adhering  to 
them  may  then  be  selected  and  immersed  in  the  carmine  fluid,  and 
[)laced  in  a  vessel  lightly  covered  with  paper,  so  as  to  exclude  the 
dust.  The  whole  may  be  left  in  a  warm  room  for  from  twenty-four 
to  fort)'-eight  hours. 

2.  The  carmine  solution  may  then  be  poured  off",  and  a  little  plain 
dilute  glycerine  added,  p.  296. 

3.  After  the  fragments  of  teeth  have  remained  in  this  fluid  for  six 
or  eight  hours,  the  excess,  now  coloured  with  the  carmine,  may 
be  poured  off",  and  replaced  by  a  little  strong  glycerine  and  acetic 
acid,  p.  296. 

•  On  the  structure  of  recent  bone  and  teeth,  see  my  lectures  on  **  The  Struc- 
ture and  Growth  of  the  Tissues^^  Royal  College  of  Physicians,  i860. 
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4.  After  having  remained  in  this  fluid  for  three  or  four  days,  i 
will  be  found  that  the  portions  of  soft  pulp  have  regained  iMe  volume 
they  occupied  when  fresh.  They  have  swollen  out  again  even  in  ihe 
strongest  glycerine. 

5.  I  have  found  that  in  many  cases,  when  it  is  desired  to  studyj 
the  arrangement  of  the  nerves,  it  is  necessary  to  harden  the  pulp  b 
immersion  in  a  glycerine  solution,  made  by  adding  to  an  ounce  of  ihe^ 
glycerine  solution  of  the  acetic  acid,  two  or  three  drops  of  a  f 
solution  of  chromic  acid,  p.  297.     The  fragments  may  remain  in  ihivf 
solution  for  three  or  four  days,  and  then  be  transferred  to  the  a 
acid  solution,  in  which  they  may  be  preserved  for  years  with  all  thd 
soft  parts  perfect. 

6.  The  specimens  are  now  ready  for  examination.    Thin  sectioi 
are  eut  with  a  knife  from  the  fractured  surfaces  of  the  dentine,  includ- 
ing a  portion  of  the  soft  pulp.     The  knife  should  be  strong,  bnt 
sharp.     In  practice  I  have  found  the  double-edged  scalpels  made  for 
me  by  Messrs.  Weiss  and  Son,  of  the  Strand,  answer  exceedingly  wellj 
for  this  purpose,  nor  will  the  edge  of  the  knife  be  destroyed  so  9' 
as  would  be  supposed. 

7.  The  minute  fragments  of  sections  thus  obtained  are  plact 
upon  a  slide  and  immersed  in  a  drop  of  |>ure  strong  glycerine,  i 
which  they  may  be  allowed  to  soak  for  an  hour  or  more,  and  ibei 
examined  by  a  low  power  (an  inch).  The  best  pieces  are  to  I 
selected  by  the  aid  of  a  fine  needle,  and  removed  lo  a  drop  of  gly< 
rine  containing  two  drops  of  acetic  acid  to  the  ounce,  and  plao( 
upon  a  clean  slide.  The  thin  glass  cover  is  then  carefully  appUoJ 
and  the  specimen  may  be  examined  with  higher  powers. 

8.  If  it  is  desired  to  retain  the  specimen,  the  excess  of  glyceri 
fluid  is  absorbed  by  small  pieces  of  blotting-paper,  and  the  glai 
cover  cemented  to  the  slide  by  carefully  painting  a  narrow  ring  of 
Bell's  microscoi>e  cement  round  it.  When  this  first  thin  layer  is  dry, 
the  brush  may  be  carried  round  a  second  time,  and  after  the  lapse 
of  a  few  days,  more  may  be  applied.  Mounted  in  this  way  the  speci- 
men will  retain  its  character  for  years. 

Hard  tissues,  like  bone,  dentine,  and  enamel,  become  somewlu 
softened  by  prolonged  maceration  in  glycerine,  and  if  a  few  drt 
of  acetic  acid  are  added,  the  softening  process  may  be  ( 
still  further,  and  yet  without  the  calcareous  matter  being  dissolve 
out  to  any  perceptible  extent.  If  desired,  of  course  the  calcs 
matter  may  be  in  part  or  entirely  removed  by  increasing  the  stret 
of  the  acid  fluid  in  which  the  preparation  is  immersed.  Bui,  \ 
short  of  this,  the  hard,  brittle  texture  is  so  altered,  that  thin  sectiQJ 
may  be  eut  without  any  difficulty.     Specimens  prepared  in  this  w 
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may  be  examined  by  the  highest  magnifying  powers  yet  made, — by 
which  statement  I  mean,  of  course,  to  imply  that  more  may  be  learnt 
by  the  use  of  such  high  powers  (1,000  to  3,000  linear)  than  by  em- 
ploying ordinary  object-glasses. 

899.  Tbe  Preparation  of  Embryonic  TItsnes  for  Examination 
wltb  Tery  Hl^b  Powers. — Contrary  to  general  opinion,  many  of  the 
softest  textures  may  be  investigated  with  the  greatest  facility  after 
having  been  soaked  in  strong  glycerine.  In  preparing  these,  the 
same  steps  which  have  been  described  in  p.  300,  must  be  carried  out, 
but  the  glycerine  used  at  first  must  be  weaker,  and  its  strength  must 
be  very  slowly  and  gradually  increased.  Ova,  at  a  very  early  period 
of  development,  can  be  prepared  according  to  the  principles  indicated, 
and  many  important  facts  in  connection  with  the  first  steps  in  the 
formation  of  tissues  demonstrated  with  accuracy. 

Some  objections  have  been  advanced  by  Dr.  Ransom  to  this  plan 
of  investigation  as  applied  to  the  ovarian  ova  of  fishes.  Dr.  Ransom 
says,  that  the  ammonia  "dissolved  the  germinal  vesicle  and  its 
contents."  Upon  experiment,  however,  I  found  that  so  far  from  this 
being  the  case,  numerous  nuclei  were  displayed,  and  many  new  facts 
not  to  be  demonstrated  by  examining  the  ova  in  water,  were  dis. 
covered.  In  pL  LVIII,  figs.  345,  346,  have  been  copied  from 
Dr.  Ransom's  paper,  while  the  remaining  figures  were  taken  from  my 
own  specimens.  See  my  paper,  published  in  the  Trans,  of  the  Mic. 
Society  for  July,  1867,  from  which  pi.  LVIII  has  been  taken. 

Embryos  of  various  ages  may  be  injected  with  the  Prussian  blue 
fluid.  The  pipe  cannot  be  tied  in  the  vessels,  as  they  are  extremely 
soft  But  if  it  is  simply  inserted,  much  of  the  injection  will  run 
onwards  into  the  capillaries,  and  the  escape  of  a  certain  quantity  by 
the  side  of  the  pipe  is  a  matter  of  no  moment. 

It  is  often  advantageous  to  harden  the  tissue  slightly  by  the  addi- 
tion of  a  little  of  the  chromic  acid  glycerine  solution,  p.  297.  When 
once  the  tissues  have  been  fully  permeated  by  glycerine,  they  may  be 
dissected  and  manipulated  in  a  manner  which  before  was  impos- 
sible, p.  294. 

In  the  same  way,  extremely  soft  textures,  like  those  of  which  the 
acalephae  or  jelly  fishes  are  composed,  or  that  delicate  tissue  entering 
into  the  formation  of  the  vitreous  humour  of  the  eye  of  man  and  the 
higher  animals  may  be  prepared ;  and  all  the  masses  of  germinal 
matter,  or  nuclei,  which  are  very  likely  to  be  passed  over  in  ordinary 
methods  of  examination,  most  clearly  demonstrated.  The  most 
delicate  infusoria  and  the  germs  of  these  and  of  the  lower  plants 
may  also  be  thus  prepared  and  preserved. 

X  2 
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NEW   VIEWS   UPON    THE   STRUCTURE,    FORMATION,   AND  GROWTH 

OF    TISSUES. 

To  aid  in  establishing  general  conclusions  concerning  the  nature  of 
those  wonderful  processes  of  formation  and  growth  peculiar  to  things 
living  ought  to  be  the  aim  of  every  one  who  devotes  himself  to  the 
investigation  of  the  minute  structure  of  animal  and  vegetable  tissues. 
But  in  these  days,  instead  of  being  encouraged  to  follow  the  example 
set  us  by  Harvey  and  Hunter  and  Bichat,  observers  are  taught  to 
devote  themselves  to  the  mere  observation  and  demonstration  of 
facts.  Many,  therefore,  spend  their  lives  in  the  pursuit  of  fact- 
hunting  without  pausing  to  enquire  if  the  facts  they  discover  are  of 
any  use  and  teach  us  anything,  or  if  they  affect  in  any  way  facts 
already  known.  Fact  accumulation,  the  adding  of  fact  to  fact,  seems 
to  be  the  sole  object  in  view. 

On  the  other  hand,  there  are  men  who  never  observe  or  experi- 
ment for  themselves,  who,  in  truth,  look  upon  fact-finding  and 
experimenting  as  inferior  though  necessary  occupations,  but  who, 
nevertheless,  keep  in  with  the  poor  fact-finders,  and  make  use  of 
their  results.  From  these  contemplative  intellects  generalisations 
can  alone  proceed.  In  our  days  the  philosopher,  who  never  made  a 
practical  observation  or  discovered  a  single  fact,  feeling  conscious 
of  superior  wisdom,  is  to  indicate  the  precise  fields  in  which  inferior 
minds  are  to  work,  and  to  dictate  the  method  of  investigation  to  be 
I)ursued  by  those  whom  he  looks  upon  as  his  workmen,  condescend- 
ingly observing  that  as  conclusions  tend  in  this  or  that  direction, 
more  labour  is  required  here,  while  it  is  useless  working  there,  and 
new  investigations  must  be  set  on  foot  to  prove  the  truth  of  such 
and  such  an  idea  which  he  has  evolved.  And  the  philosopher  is  wise 
in  the  method  he  pursues,  for  it  is  easier  to  frame  a  generalisation 
and  then  select  from  the  general  heap  of  known  facts  i)articular  facts 
in  its  support,  than  to  examine  the  facts  themselves  one  by  one,  to 
separate  the  true  from  the  false  facts,  to  experiment  anew,  and  at 
last,  after  an  honest  survey  of  what  is  known,  to  endeavour  to 
arrive  at  some  generalisation. 

Formerly  those  who  advanced  new  views  to  explain  the  phe- 
nomena of  living  beings,  not  only  performed  the  work  of  fact-hunting 
but  tested  the  value  of  every  fact,  and  only  deduced  their  conclusions 
after  much  patient  investigation  and  experiment  Of  late  a  new 
method  of  making  generalisations  has  been  discovered,  and  many 
slow  testing  and  analytical  operations  have  been  entirely  discarded. 
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The  philosopher  and  the  fact-hunter  seem  to  have  discovered  that 
they  may  keep  their  offices  quite  distinct  and  yet  work  to  each 
other's  great  advantage.  A  compact  seems  to  have  been  entered 
into.  The  fact-finders  consenting  to  act  as  the  servants  or  tools  of 
the  philosopher,  provided  he  publicly  acknowledges  the  high  value 
of  fact-hunting,  and  spreads  the  fame  of  the  fact-finder  as  well  as  his 
own.  Different  schools  of  philosophy  require  differently  constituted 
fact-finders,  and  as  each  new  philosophy  rises  in  popular  favour,  its 
own  proper  fact-hunters  acquire  the  much-desired  notoriety. 

But  do  not  many  errors  now  pass  current  as  observed  facts,  and 
do  not  many  false  generalisations  interfere  with  the  advance  of  real 
knowledge  ?  Must  not  this  be  the  case,  if  those  who  advance  generali- 
sations refuse  to  investigate  for  themselves,  and  practical  observers 
confine  themselves  to  mere  observation  and  refrain  from  thinking  and 
speculating  concerning  the  facts  they  discover  ?  Disadvantage  to  both 
must  result  from  the  attempt  to  draw  a  hard  line  between  speculative 
thought  and  practical  work.  Useful  hypotheses  are  much  more 
likely  to  emanate  from  sound  practical  observers  and  experimenters 
than  from  purely  speculative  thinkers,  who  are  obliged  to  obtain  all 
their  facts  second-hand,  and  whose  training  has  in  too  many  instances 
been  such  as  to  render  them  quite  incapable  of  distinguishing  real 
facts  from  apparent  facts,  or  of  estimating  the  value  or  worthlessness 
of  the  evidence  adduced  in  favour  of  the  accepted  interpretation  of 
a  particular  appearance  observed. 

In  the  hope  of  encouraging  students  to  think  as  well  as  work,  I 
have  ventured  to  offer  many  theoretical  remarks  m  my  book,  though 
it  is  mainly  devoted  to  practical  subjects,  and  has  been  written  with 
a  strictly  practical  object  Though  the  speculations  may  soon  have 
to  yield  to  others,  they  will  not  be  altogether  useless  and  will  at  any 
rate  afford  some  little  interest,  and  I  hope,  stimulus,  to  those  who  do 
not  find  pleasure  in  mere  laborious  aimless  observation. 

In  many  parts  of  this  book  I  have  drawn  attention  to  the  great 
importance  of  special  methods  of  preparing  tissues.  But  in  order 
to  compare  different  textures  with  one  another  and  the  same  texture 
at  different  periods  of  its  growth,  a  uniform  process  of  preparation 
must  be  adopted,  or,  in  other  words,  all  must  be  subjected  to  exami- 
nation under  precisely  similar  conditions.  It  has  been  shown  that 
all  textures  may  be  easily  manipulated  and  examined  under  the 
highest  powers  when  immersed  in  glycerine,  and  that  in  every  tissile 
obtained  from  a  living  being,  part  is  deeply  stained  while  part  is  left 
colourless^  although  it  has  been  freely  traversed  by  an  a.kiline  colour- 
ing matter  in  solution,  p.  107.  The  first  exhibits  ceitiin  common 
characters  throughout  nature,  while  the  latter  differs  extremely  in 
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the  different  textures  and  organisms  in  anatomical  structure,  physical 
properties,  and  chemical  composition. 

The  matter  which  is  coloured  is,  broadly,  that  which  has  been 
hitherto  termed  in  different  textures  cell,  nucleusy  cell  amientSy  prota- 
plasfHy  endaplcLsty  corpuscle  (in  some  cases)  ;  while  that  which  remains 
unchanged  is  that  which  is  known  as  intercellular  fluid  or  substance,  cell 
wall,  membrcme,  fibre,  periplastic  substance,  &c.  When  the  carmine 
fluid  is  used  properly,  the  so-called  cell,  or  in  some  cases  the  greater 
part  of  it,  and  the  nucleus,  or  the  latter  only,  are  coloured,  while  the 
outer  part  of  the  cell  and  intercellular  substance  remain  colourless, 
or  are  only  tinted  very  faintly.  It  is  often  possible  to  demonstrate 
zones  of  colour  one  within  the  other,  the  innermost  being  invariably 
coloured  most  intensely. 

By  comparative  observations  upon  the  same  tissues,  at  different 
periods  of  growth,  a  continuous  but  gradually  altering  relation  has 
been  demonstrated  to  exist  between  the  so-called  cell  wall,  intercellular 
substance,  cell  contents,  &c.,  and  the  nucleus.  I  have  adduced  very 
many  observations  which  seem  to  me  to  establish  the  important 
point  that  all  the  formed  material  was  once  in  the  state  of  the  \natter 
which  receives  the  colour.  So  that  in  the  formation  of  muscle,  for 
instance,  from  the  lifeless  nutrient  pabulum  in  the  blood,  the  matter 
which  is  to  become  muscle  passes  through  these  different  con- 
ditions : — 

1.  That  of  a  soluble  nutrient  matter,  or  pabulum, 

2.  Germinal  matter  (nucleus), 

3.  Imperfectly  developed  formed  material, 

4.  Fully  developed  formed  material,  muscular  contractile  tissue, 

5.  Disintegrated  formed  material,  which  becomes  slowly  reduced 
to  a  soluble  state,  and  is  converted,  by  oxydation,  into  new  sub- 
stances, some  of  which  pass  away,  while  others  in  their  tum  become 
pabulum  for  other  kinds  of  germinal  matter,  such  as  white  blood 
corpuscles  and  lymph  corpuscles,  which  are  therefore  the  agents 
concerned  in  the  removal  of  the  disintegrated  material. 

It  will  be  seen  that  one  very  important  fact  gained  by  this  enquiry, 
is  the  positive  distinction  between  the  cuiive  living  growing  matter  of 
all  tissues,  and  the  matter  which  \%  formed,  or  results  from  the  chcmges 
occurring  in  the  former.  This  fact  I  endeavoured  to  establish  in  my 
lectures,  given  at  the  Royal  College  of  Physicians,  in  April,  186 1. 
I  have  since  worked  out  changes  occurring  during  the  growth  and 
formation  of  many  tissues  in  detail,  and  I  believe  the  above  positions 
may  now  be  considered  as  fully  established. 

The  material  stained  by  carmine  must  be  r^arded  as  matter  in  a 
transition  state.     It  is  not  tissue,  for  it  lives  and  grows,  but  it  may  at 
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length  undergo  conversion  into  tissue.  It  is  living  matter ; — ^and  by 
the  word  livingy  I  mean,  that  in  this  matter  phenomena  are  observed 
which  have  not  been  explained  —  phenomena  which  cannot  be 
accounted  for  by  any  known  laws,  which  cannot  be  imitated  arti- 
ficially, and  which  have  never  been  observed  anywhere  but  in  living 
things.  Among  the  peculiar  properties  or  powers  of  every  mass  of 
living  matter,  are— 

1 .  The  power  of  altering  and  appropriating  certain  soluble  matters, 
and  communicating  to  these,  properties  or  powers  of  the  same  nature 
as  those  which  the  living  matter  itself  possesses. 

2.  The  power  of  moving  in  all  directions — the  passage  of  one 
part  of  a  living  mass  to  another  part,  so  that  one  portion  may 
advance  itself  m  front  of  another  portion,  or  encircle  another. 

3.  The  power  of  causing  the  elements  of  matter  to  take  up 
definite  relations  towards  one  another,  so  that  definite  compounds, 
often  exhibiting  definite  structures,  may  result,  when  the  matter 
ceases  to  live. 

4.  The  power  of  infinite  increase. 

By  my  observations  I  hope  to  establish  the  important  conclusions 
that  the  formation  of  all  tissues  and  organs,  no  matter  how  different 
their  ultimate  structure  and  office  may  be,  is  due  to  changes  which 
have  much  in  common  taking  place  in  matter  in  a  very  peculiar 
state,  which  cannot  be  correctly  termed  a  physical  state  and  is  not 
in  any  way  comparable  with  any  other  state  in  which  matter  is 
known  to  exist  These  conclusions  enable  me  to  describe  the 
structure  of  the  most  complex  tissues  and  the  changes  which  occur 
during  their  growth  very  simply.  It  is  not  necessary  to  discuss  in 
any  given  case  what  is  *  cell  wall,*  *  cell  membrane,*  or  *  intercellular 
substance,'  *  cell  contents,'  *  nucleus,'  *  nucleolus,'  *  primordial  utricle,* 
'  protoplasm,*  '  blastema.'  For  every  structure  consists  of  matter  in 
two  states : — 77ie  living  or  germinal  state  and  the  formed  and  Itfeless 
state.  All  increase^  multiplication,  divisiony  &c.,  is  due  to  matter  in 
the  first  state  and  to  that  alone.  Living  particles  do  not  aggregate 
together  to  form  one  mass,  but  one  mass  may  divide  and  separate 
into  a  vast  number  of  distinct  living  particles,  each  of  which  may 
grow  and  become  a  mass  like  the  first 

Every  particle  of  the  living  or  germinal  matter  comes  from  a 
pre-existing  living  particle, — and  every  piece  of  tissue,  and  formed 
matter  of  every  kind  derived  fix>m  a  ^living  being  was  once  in  the 
condition  of  germinal  matter. 

Careful  investigation  of  the  relations  which  the  germinal  matter 
bears  to  the  formed  material  at  different  periods  of  growth,  and  the 
carefiil  study  of  these  two  kinds  of  matter  in  the  various  textures, 
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teach  us  the  order  in  which  the  various  changes  occur  and  the  em- 
ployment of  other  terras  is  rendered  superfluous. 

A  resum^  of  my  views  will  be  found  in  the  new  edition  o 
Dr.  Carpenter's  Manual  of  Physiology.  Brief  extracts  from  my 
papers,  and  short  notices,  have  from  time  to  time  appeared  in 
various  journals.  An  excellent  analysis  extending  over  twenty 
pages  will  be  found  in  the  American  Journal  of  the  Medical  Sciences 
for  January,  1867.* 

I  propose  now  to  draw  attention  to  some  of  the  facts  which 
have  led  me  to  adopt  the  conclusions  just  referred  to,  and  I  must 
beg  the  reader  carefully  to  study  the  different  figures  and  accom- 
pan3ring  explanations  referred  to.  The  illustrations  have  been  drawn 
with  the  greatest  care  and  no  labour  has  been  spared  in  their  pro- 
duction. Some  have  been  selected  from  my  papers  in  the  Phil. 
Trans,  of  the  Royal  Society,  and  I  am  indebted  to  the  Council  for 
permission  to  make  use  of  them. 

88O.  or  Llvingr  or  Germinal  Matter. — The  smallest  masses  of  living 
matter  are  spherical,  and  the  largest  mass  always  assumes  the  sphe- 
rical form  when  free  to  move  in  a  fluid  or  semi-fluid  medium. 
Germinal  or  living  matter  is  invariably  colourless. 

Very  small  particles  of  this  living  or  germinal  matter  are  repre- 
sented in  pi.  LVII,  fig.  374.  Now  such  particles  cannot  be  termed 
cells,  according  to  the  ordinary  definition  of  that  word.  Yet  each 
consists  of  germinal  matter  with  probably  a  thin  layer  of  formed 
material  upon  its  surface.  Each  of  these  may  increase  in  size  by  the 
absorption  of  nutrient  pabulum  into  its  substance,  and  may  then  divide 
and  subdivide  into  separate  portions.  In  fact  each  possesses  the  pro- 
perties usually  regarded  as  characteristic  of  cell  life.  The  mucus 
corpuscle  which  is  represented  in  pi.  XL,  fig.  256,  also  consists  of  a 
mass  of  germinal  matter  which  as  it  lies  in  the  mucus  or  formed 
material  exhibits  movements  as  shown  by  the  dotted   lines.     The 

•  The  present  unsatisfactory  state  of  Medical  and  Scientific  Reviewing  in 
England  is  much  to  be  regretted.  It  is  probably  mainly  due  to  the  short-sighted 
policy  of  publishers  who  for  the  most  part  pay  miserably  and  by  measure,  so  that 
if  a  reviewer  spends  much  time  in  condensing,  and  improving  and  rc-writing  his 
work,  he  will  actually  receive  less  than  if  he  allows  it  to  be  printed  in  a  crude 
state.  It  is  pretty  generally  suspected  by  readers  that  the  accident  of  friendship 
exerts  too  strong  an  influence  upon  the  opinions  expressed  by  reviewers,  and  it  is 
not  certain  that  the  enthusiasm  on  the  part  of  the  press  for  certain  scientific 
doctrines  is  excited  solely  by  a  disinterested  consideration  of  their  merits.  More- 
over the  system  which  has  become  general  among  periodicals  of  calling  the  atten- 
tion of  readers  to  those  works  only  of  which  copies  have  been  presented  to  the 
journals,  instead  of  to  those  which  are  published,  cannot  be  too  much  condemned. 
All  journals  ought  to  refuse  to  receive  copies  as  gif^s,  and  surely  all  authors  ought 
(o  refuse  to  allow  their  works  to  be  presented  for  *  review.  * 
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white  blood  corpuscle,  pi.  XXXIII,  fig.  215,  is  another  example  of 
germinal  or  living  matter  which  is  invariably  colourless  and  which  as 
is  well  known  exhibits  slow  movements.  The  amoeba  which  is 
represented  in  pi.  XL,  fig.  254,  consists  of  living  matter,  and 
in  its  active  state  exhibits  movements  in  every  direction.  These 
movements  I  consider  to  be  vital  movemctits  for  all  attempts  to 
explain  them  by  physics  and  chemistry  have  signally  failed. 

The  character  of  germinal  or  living  matter  can  be  studied  very 
readily  in  the  amoeba.  These  low  forms  of  living  beings  are  gene- 
rally found  in  great  numbers  in  water  containing  a  littie  decomposing 
vegetable  matter.  If  carefully  examined  under  the  y^yth  of  an  inch 
object-glass  the  amoeba  will  be  observed  to  alter  in  form.  At  various 
parts  of  the  circumference  protrusions  will  be  observed.  The  pro- 
trusions consist  of  the  material  which  forms  the  basis  substance  of 
the  an^oeba.  It  will  be  observed  that  this  moving  material  is 
perfectly  transparent  and  in  it  no  appearance  of  structure  can  be 
discerned.  It  is  true  that  granules  and  foreign  particles  may  be 
seen  embedded  in  it,  but  the  matter  in  which  the  motor  power  resides 
is  perfectly  clear  and  transparent  Motion  is  communicated  to  the 
solid  particles  by  the  movements  of  the  transparent  living  matter. 
Under  certain  circumstances  the  movements  cease,  and  a  change  is 
observed  to  take  place  upon  the  surface.  The  outer  part  of  the 
amoeba  becomes  condensed,  and  thus  formed  material  results  which 
protects  the  remains  of  the  living  matter  within. 

881.  Tbe  Conversion  of  Living  Germinal  Hatter  Into  Formed 
Material. — The  external  surface  of  a  mass  or  particle  of  germinal 
matter  in  contact  with  air  or  fluid  becomes  altered.  In  plain 
language,  the  living  matter  upon  the  surface  dies,  and  according 
to  the  conditions  under  which  death  occurs,  different  substances 
may  result.  These  may  be  solid,  fluid,  or  gaseous.  They  may 
be  soluble  or  insoluble  in  water.  They  may  be  soft  or  hard, 
coloured  or  colourless.  They  are  formed^  and  their  formation  is  in 
great  part  due  to  the  relation  which  the  elements  of  the  living  matter 
were  made  to  assume  towards  each  other,  during  the  living  state. 
This  relation  is  definite,  so  that  from  the  same  kind  of  living  matter 
under  similar  conditions  the  same  formed  substances  result.  The 
very  same  elements  which  lived  in  the  living  matter,  always  enter 
into  the  composition  of  the  formed  material. 

The  mode  in  which  the  formed  material  is  produced  will  be 
understood  by  reference  to  fig.  355,  pi.  LVII.  In  ^,  ^,  and  r, 
both  germinal  matter  and  formed  material  are  undergoing  increase. 
In  fig.  356  the  mass  of  germinal  matter  is  dividing  in  the  substance 
of  soft  formed  material,  a  portion  of  which  surrounds  each  of  the 
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resulting  masses,  as  seen  in  fig.  357,  but  llie  formed  material  is  I 
fcctly  passive — as  passive  as  a  mass  of  mucus  or  fluid  jelly  woul 
be  in  which  such  self-moving,  growing,  dividing  matter  was  placed.  ^ 

The  production  of  fonned  material  may  also  be  studied  in  ll 
conversion  of  the  while  blood  corpuscles  into  the  red.     In  the  frqj 
and  newt,  especially  early  in  the  spring,  numerous  white  corpusdei-l 
will  be  found  the  outer  part  of  which  is  undergoing  change,  losing,* 
its  granular  appearance,  and  becoming  smooth  and  tinted. 
corpuscle  advances  in  age  this  process  continues  until  at  last  tl 
oval   red  corpuscle   is    seen   to   contain    only  a    small   pordon   1 
germinal   matter    In   the    interior,    as   represented  in   pi.  XXXIII^ 
fig.  214.     In  mammalian  animals  generally  this  change  goes  much 
further,  and  the  whole  corpuscle  gradually  undergoes  conversion  into 
coloured  fonned  material.     The  fully  formed  mammalian  red  cm^    ' 
puscle  consists  of  matter  in  a  colloid  state,  which  very  soon  passei  J 
into  a  crj'stalline  form.     In  some  instances,  as  in  the  case  of  thft  ■ 
blood  corpuscle  of  tlie  Guinea  pig,  this  change  occurs  within  a  vei; 
short  time  after  the  corpuscle  has  ceased  to  move,  as  when  it  is  with- 
drawn from   the  circulation  of  the  animal  and  placed  upon  a  glass 
slide.     In  figs.  213,  ii6,  pi.  XXXIII,  some  of  these  crystals  fonned 
from  the  red  corpuscle  of  Guinea  pig's  blood  arc  represented. 

Another  simple  case,  showing  the  formation  of  formed  material  I 
from  germinal  matter,  may  be  studied  in  cuticle,  or  in  the  cells  upoa'J 
the  papilte  of  the  tongue.     At  first  there  is  but  a  very  thin  layer  ofv 
formed  material  upon  the  surface  of  the  germinal  matter,  and  this  it  W 
sofl,  so  chat  the  mass  may  divide,  and  each  portion  may  be  invested  1 
with  a  thin  layer  of  this  soft  formed  material     Nutrient  pabului 
passes  through  it  to  the  germinal  matter  within,  and  a  portion  of  thftf 
latter   undergoes  conversion  into  formed    material     The  germind  I 
matter  increases,  while  at  die  same  time  new  formed  material  h 
duced.     This  is  shown  in  figs.  358,  35^,  360,  pi.  LVII,     In  I 
last  figure,  a  thick  layer  of  formed  material  has  resulted,  which  onl^ 
jiermits  a  very  hltle  pabulum  to  pass  through.     The  entire  cell  does 
not,    therefore,  increase    in    size ;  but  the   conversion   of  germinal 
matter  into  formed  material  still  proceeds,  so  that  at  last  a  mere 
trace  of  the  latter  remains,  and  this  often  becomes  liquefied  and 
removed.      Thus  a  space  or  cavity  (vacuole)  remains  and  marks 
vheK  the  living  matter  was  situated. 

The  bodies  represented  in  figs.  355  to  360  are  termed  cells. 
Cells  of  this  simple  character  are  very  common,  particularly  in  Toaitj 
vegetable  textures.  It  will  l>e  noticed,  however,  that  they  differ  from 
these  last  in  [he  greater  thickness  of  the  formed  material  Every  one 
of  these  id/s  consists  of  a  portion  of  living  germiuai  matter,  around 
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which  IS  a  layer  oi  formed  material  or  lifeless  matter  varying  in  thick- 
ness in  different  cases,  but  which  has  in  all  resulted  from  the  death  of 
tartick  after  particle  of  the  first. 

That  the  formed  material  is  deposited  as  I  have  described  is 
proved  by  watching  the  changes  which  occur  in  such  a  structure  as 
ordinary  mildew,  represented  in  pi.  XLI,  fig.  259.  The  various 
drawings  of  mildew,  in  different  stages  of  growth,  are  careful  copies 
from  nature,  and  should  be  attentively  studied  with  the  aid  of  the 
explanations. 

The  germinal  matter  which  in  some  of  the  plates  is  known  by  its 
granular  appearance,  and  in  others  by  its  being  coloured  red,  is  in  fact 
the  only  active  part  of  the  cell.  Nothing  can  be  said  to  live  which  does 
not  consist  of  germinal  matter.  In  pL  LXIII,  fig.  393,  and  in  pi.  XLI, 
fig*  257,  are  represented  some  growing  muscular  fibres.  The  masses  of 
germinal  matter  are  large  and  well-formed.  The  so-called  nuclei  of  the 
nerve  fibres  ramifying  among  them  also  consist  of  living  or  germinal 
matter.  In  tendon,  and  various  forms  of  fibrous  tissue,  the  so-called 
'nucleus'  is  the  germinal  matter,  and  the  fibrous  matter  is  the  formed 
material  («<rpl.  LVII,  fig.  369).  So  also  in  cartilage  the  same  simple 
distinction  can  be  made.  The  so<:alled  '  intercellular  substance '  or 
*•  matrix,*  figs.  367,  368,  is  no  more  intercellular  than  the  so-called 
*  wall '  of  an  epithelial  cell  is  intercellular* 

In  young  tissues  the  proportion  of  germinal  matter  to  the 
formed  material  is  invariably  very  great — compare  the  young  nerve 
cells,  represented  in  pi.  LXVIII,  figs.  410,  411,  with  the  fully-formed 
nerve  cells  in  pL  LXVII.  Also  observe  the  relative  quantities  of 
germinal  matter  and  formed  material  in  the  young,  and  advanced 
cells,  represented  in  pi.  LVII,  figs.  358,  359,  and  360. 

88S.  Of  the  Katare  of  ''Irritation"  and  "  Inflammation.'* — 
Let  us  now  consider  the  wonderful  effects  which  ensue  from 
a  change  of  the  circumstances  under  which  the  "  cell  *'  is  placed. 
Suppose  the  hard  formed  material  which  interferes  with  the  access 
of  pabulum  to  the  germinal  matter  to  be  ruptured,  or  softened 
by  the  action  of  fluids,  so  that  pabulum  may  more  readily 
come  into  contact  with  the  germinal  matter — ^what  happens  ? 
The  latter  increases.  It  absorbs  the  nutrient  matter,  and  may 
even  take  up  the  softened  and  altered  formed  matter,  which  was 
itself  produced  from  germinal  matter  at  an  earlier  period.  These 
stages   are    seen   in    figs.    361,    362.      In   fig.    363,   the   original 


*  '*  Of  the  formation  of  the  so-called  intercellular  substance  of  cartilage  and 
of  its  relation  to  the  so-called  cells.^*  Transactions  of  the  Microscopical  Society, 
March,  1863. 
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mass  has  divided  into  several,  and  in  fig.  364  these  are  set  free, 
and  being  now  freely  supplied  with  pabulum,  in  consequence  of 
the  absence  of  the  thick  layer  of  formed  material  upon  their 
surface,  as  in  figs.  358  to  360,  they  grow  and  multiply  rapidly. 
Such  are  the  changes  which  are  considered  to  result  from  what 
is  called  "  irritation,"  and  which  constitute  the  essential  phenomena 
of  "  inflammation."  In  irritation^  the  access  of  pabulum  to 
germinal  matter  is  facilitated,  because  the  protective  external 
covering  of  formed  material  is  removed  or  rendered  more  per- 
meable by  chemical  or  mechanical  means.  This  is,  I  believe, 
the  real  action  of  the  so-called  chemical  and  mechanical  irritants.* 
It  is,  therefore,  better  not  to  employ  the  term  irritation  at  alL 
Although  all  medical  writers  have  freely  used  this  word,  no  one 
has  been  able  to  explain  exactly  what  he  means  by  it 

The  above  view  is  capable  of  wider  application.  Heat 
acts  as  a  ^^  stimulus  ^^  to  the  development  of  the  embryo  chick, 
simply  by  facilitating  tlu  access  of  pabulum  to  the  germinal 
matter  of  the  living  embryo.  The  heat  does  not  become  the  life^ 
for  the  life  is  there;  but  it  is  simply  one  of  the  conditions 
necessary  for  the  manifestation  of  this  mysterious  active  power. 
Without  the  influence  of  heat,  the  pabulum  cannot  get  through 
the  formed  material  to  the  already  living  germinal  matter;  but  as 
formed  material  is  expanded,  and  the  permeating  properties  of 
the  surrounding  nutrient  fluids  increased  by  heat,  the  pabulum 
comes  rapidly  into  contact  with  the  living  particles,  which  commu- 
nicate to  it  the  same  wonderful  power  they  already  possess. 

In  the  examples  already  adduced,  the  formation  of  the  formed 
material  takes  place  upon  the  outer  part  of  tlie  germinal  matter,  and 
as  the  cell  increases  in  size  the  layers,  first  formed,  are  pushed  out 
by  those  last  produced.  In  many  instances,  however,  formed  mate- 
rial of  another  kind  is  deposited  amongst  the  particles  of  germinal 
matter.  In  pi.  XXXVIII,  figs.  239,  240,  are  represented  some  of  the 
young  starch-holding  cells  of  the  potato.  The  so-called  cell-wall  is 
formed  around  the  germinal  matter,  while  the  starch  is  deposited  as 
small  insoluble  particles  in  its  substance.  In  fact  by  the  death  of  par- 
ticles upon  the  surface  of  the  living  matter,  the  cellulose  *  cell-wall'  is 
formed,  while,  as  a  consequence  of  a  similar  change  affecting  the  par- 
ticles further  inwards,  starch  results.  In  some  of  the  cells  no  starch  is 
found  in  the  interior,  but  instead,  the  wall  of  the  cell  is  greatly 
thickened  by  the  deposition  of  a  closely  allied  material  upon  its 
internal  surface,  layer  within  layer. 

^  Steti  lecture  on  "  First  Principles."     Dublin  Medical  Press,  1863. 
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As  the  starch  holding  cells  increase  in  size,  the  starch  granules 
become  enlarged  by  deposition  of  layer  after  layer  upon  their  external 
surface.  They  still  lie  embedded  in  the  germinal  matter,  and  are 
separated  from  the  cell-wall  by  a  portion  of  it  This  part  of  the 
germinal  matter  which  lies  just  within  the  cell  wall  was  known  as  the 
primordial  uticle  of  the  vegetable  cell. 

The  fat  cell,  or  adipose  vesicle,  is  formed  in  precisely  the  same  way, 
and  fat  may  be  deposited  amongst  the  germinal  matter  of  other  cells, 
such  as  the  cartilage  cell,  and  in  nerve  and  other  cells  in  certain 
cases.  The  first  formation  of  fat  in  a  fat  cell  is  represented  in 
pi.  LVII,  fig.  365. 

383.  Of  the  Nnciens. — In  the  cell  above  described,  the  *  nucleus  ' 
takes  no  part.  What,  then,  is  the  *  nucleus,*  of  which  many  examples 
will  be  seen  in  the  drawings  in  the  plates.  The  nucleus  also  consists 
of  germinal  matter.  It  may  be  regarded  as  a  new  centre  which  has 
arisen  in  a  pre-existing  centre.  In  many  masses  of  germinal  matter 
there  are,  in  fact,  two  or  three  series  of  centres,  one  within  the  other. 
In  one  centre  (nucleus)  there  may  be  one  or  a  vast  number  of  new 
centres  (nucleoli).  See  pi.  LVII  I,  fig.  347.  The  nucleus  is  composed 
of  germinal  or  living  matter,  and  it  has  appeared  in  germinal  matter 
already  existing.  The  vital  power  or  force,  whatever  its  nature 
may  be,  always  manifests  itself  in  a  direction  from  centres, — par- 
ticles of  living  matter  move  invariably  in  this  direction,  and  as 
they  move  further  and  further  away  from  the  centre,  their  vital  power 
becomes  less,  but  new  centres  possiessing  increased  vital  power  make 
their  appearance.  These  new  centres  seem  to  acquire  new  power 
while  they  remain  apparently  quiescent.  The  process  of  acquiring 
vital  power,  the  development  of  nuclei  with  high  vital  endowments, 
and  the  process  of  taking  up  a  large  quantity  of  pabulum,  the  rapid 
increase  and  multiplication  of  germinal  matter,  are  opposed  to  each 
other. 

384.  Of  the  term  CeU. — The  term  '  cell '  was  considered  to  be 
applicable  to  all  the  elementary  parts  of  which  organic  bodies 
are  composed,  notwithstanding  great  differences  which  are  well 
known  to  exist.  Not  only  has  it  been  arbitrarily  laid  down 
that  a  *  cell  *  involved  the  existence  of  a  *  wall,'  certain  *  contents,' 
and  a  *  nucleus,'  but  distinct  properties  are  still  attributed  to  each  of 
these  parts  respectively,  although  no  one  has  ever  been  able  to  show 
that  they  really  performed  the  offices  assigned  to  them.  It  is  obvious, 
however,  that  a  small  particle  of  living  matter,  pi.  LVII,  fig.  374 
will  not  fall  under  the  definition  given  of  a  cell,  nor  is  it  possible,  by 
any  reasonable  interpretation  of  the  terms  employed,  to  bring  white 
blood  corpuscles  and  a  host  of  other  objects  into  the  cell  category.- 


3l8  HOW  TO  WORK 

To  include  these  the  definition  must  be  totally  changed.  The 
difficulty  of  including  many  bodies  under  the  old  definition,  com- 
bined with  an  implicit  faith  in  its  truth,  has  led  many  observers  to 
affirm  the  existence  of  a  cell-wall,  although  none  was  present,  and  at 
last  the  supporters  of  the  old  cell  doctrine  have  taken  refuge  in  the 
idea  that  the  *  cdl-wair  may  itself  be  fluid  and  capable  of  running 
together  like  the  film  of  a  soap  bubble  ! 

The  moving  matter  of  the  white  blood  corpuscles,  the  granular 
matter  around  the  so-called  nuclei  of  muscle,  the  contents  (in  part 
or  entire)  of  the  vegetable  cell  have  been  called  *  protoplasm,'  but 
those  who  have  employed  this  word  have  not  accurately  defined 
what  they  desire  to  include  under  it  The  nucleus  still  seems  to 
be  regarded  as  an  object  distinct  from  other  parts  of  the  cell  which 
has  certain  special  functions  assigned  to  it 

It  should  also  be  remarked  that  the  meaning  of  many  of  the 
terms  generally  employed  in  describing  the  structure  of,  and  the 
changes  taking  place  in,  cells,  undergo  great  modifications  fix>m  year 
to  year,  and  thus  is  added  another  source  of  ambiguity  and  con- 
fusion. 

To  avoid  entering  into  a  long  and  tedious  discussion  as  to  the 
meaning  which  should  be  assigned  to  the  words  in  general  use,  I  have 
been  led  to  use  new  terms  when  speaking  of  the  essentially  different 
parts  of  the  cell  or  tissue.  I  apply  the  term  germinal  matter  only  to 
that  which  lives^  changes^  converts^  gertninates,  &c.  Formed  maUriaf, 
on  the  other  hand,  never  possesses  any  of  these  properties.  It  has 
livedo  but  is  now  lifeless ;  it  may  be  changed,  but  it  cannot  change 
itself.  In  nutrition  lifeless  pabulum  becomes  living  germinal  matter, 
which  becomes  in  its  turn  formed  material,  cell  wall  or  intercellular 
substance,  as  the  case  may  be.  This  last  may  accumulate  or  if  may 
be  formed  in  a  fluid  state,  and  disintegrated  as  fast  as  it  is  produced. 
The  really  important  point  is,  that  formed  material  of  every  kind 
was  once  germinal  matter,  and  that  new  formed  matter  is  deposited 
in  one  definite  direction  ovXy^  from  the  centre  or  from  within,  so 
that  in  an  ordinary  simple  cell,  the  germinal  matter  is  invariably 
within,  then  comes  the  recently  produced  formed  material,  and  lastly 
the  oldest  formed  material,  which  is  therefore  most  external. 

The  views  above  given  will  be  readily  understood  if  the  figures 
appended  be  attentively  examined.  At  «,  the  smallest  visible  particles 
of  germinal  matter  are  represented,  b.  Small  collections  of  germinal 
matter,  with  a  little  formed  material  between  them  (as  in  mucus). 
In  one,  portions  are  seen  to  project,  and  if  these  were  detached  each 
one  would  grow  and  give  rise  to  new  masses,  c,  A  mass  of  germinal 
matter,  with  a  very  thin  layer  of  formed  material  on  its  external 
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surface  (cell-wall),  d.  Same  as  the  last,  but  with  a  new  centre  of 
growth  (nucleus),  now  comparatively  quiescent,  but  capable  of 
assuming  active  growth,  appear-  •tn#j^  £^  ^^  /2^ 
ing  in  the  germinal  matter.  If  c  9^  WjW  m9  ^9  ^Sr 
were  exposed  to  unfavourable 
conditions  the  whole  would  be  de- 
stroyed, but  under  similar  circum- 
stances the  nucleus  of  d  might 
alone  resist  these  influences, 
and  the  conditions  becoming 
favourable,  would  grow  and  pro- 
duce new  elementary  parts,  although  of  the  original  mass  all  but 
this  small  portion  of  the  germinal  matter  had  been  destroyed,  e.  Thick 
layers  of  formed  material,  the  whole  of  which  were  at  one  time  in  the 
state  of  germinal  matter.  /.  Secondary  deposits  commencing  to  appear 
amongst  the  germinal  matter,  as  fatty  matter  is  precipitated  amongst  the 
germinal  matter  of  the  fat  vesicle,  g.  A  further  stage  of  the  same  process. 
k.  Separate  masses  of  secondary  deposits,  as  in  the  starch-holding 
vegetable  cells.  /.  Deposition  of  formed  material  or  secondary 
deposit  in  successive  layers  on  the  inner  surface  of  the  original 
capsule,  spaces  or  intervals  in  which  currents  are  continually  setting 
in  opposite  directions  during  the  life  of  the  germinal  matter,  being 
left  k.  Germinal  matter  and  formed  material  which  is  granular,  the 
particles  of  which  are  becoming  resolved  into  several  substances,  as 
takes  place  in  the  elementary  part  of  the  liver  (liver  cells).  /.  For- 
mation of  fibres  from  germinal  matter,  m.  Germinal  matter  belong- 
ing to  and  taking  part  in  the  formation  of  the  walls  of  a  tube. 

S8S.  nose  CeUs  can  be  made  in  many  ways,  and  some  so  closely 
resemble  certain  natural  cells  that  it  would  be  difficult  or  impos- 
sible from  mere  microscopic  examination  to  distinguish  one  from 
the  other.  This  has  led  a  number  of  observers  to  conclude  that  the 
cells  formed  in  the  living  body  are  produced  in  the  same  way  as  these 
false  or  artificial  cells.  These  erroneous  conclusions  have  received 
considerable  support,  and  they  have  been  advanced  in  favour  of  the 
dogma  lately  forced  into  considerable  notoriety  that  the  formation 
of  all  living  things  is  due  to  physical  and  chemical  operations 
only. 

It  is  really  most  remarkable  that  in  these  days  clever  men  can 
be  found  who  will  waste  their  time  in  attempting  to  prove  that  the 
"cells"  of  which  the  textures  of  living  beings  are  made  up  are 
formed  by  physico-chemical  operations  alone.  The  general  state- 
ments which  have  been  made  have  been  refuted  over  and  ovtr 
again,  and  yet  each  one  who  advocates  this  view,  of  course  with 
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various  modifications  in  the  details,  falls,  if  not  into  the  very  same 
errors,  at  least  into  errors  of  a  similar  kind. 

We  have  seen  that  every  real  "  cell "  passes  through  certain 
stages  of  being,  and  that  no  cell  of  any  kind  at  an  early  period  of 
its  formation  exhibits  those  characters  which  entitle  it  to  be  called 
a  cell  at  all.  The  advocates  of  the  physical  theory  altogether  ignore 
this  important  fact.  Because  they  can  make  artificially  things  like 
dead  cells,  they  infer  that  living  cells  are  produced  in  the  same  way, 
forgetting  that  the  characters  of  the  advanced  cell  have  only  been 
gradually  acquired,  and  by  a  portion  of  matter  which  at  first  they 
themselves  would  have  said  was  not  a  cell  at  all.  They  forget  that 
the  material  out  of  which  their  cells  have  been  made  has  the  same 
composition  as  the  cells  themselves,  while  the  living  cell  is  made  out 
of  material  of  a  composition  totally  distinct  from  it  They  take 
a  little  viscid  substance  composed  of  fatty  and  albuminous  matter 
and  add  with  care  a  little  water,  and  when  they  see  under  the  micro- 
scope globular  masses  separate,  tliey  cry,  "  See  how  simply  cdls  are 
made  in  nature  out  of  similar  ingredients  to  those  which  we  operate 
upon."  But  they  ignore  what  is  well  known  to  every  one,  that  out 
of  matter  in  which  neither  fat  nor  albumen,  nor  even  any  allied 
substance  can  be  detected,  a  minute  mass  of  clear  transparent  living 
germinal  matter  makes  these  and  many  other  things. 

Any  child  could  grasp  the  facts  and  arguments  in  connection  with 
this  question  if  they  were  stated  fairly,  but  it  must  be  admitted  that  the 
statements  often  made  and  the  inferences  drawn  in  many  of  our 
elementary  text  books  concerning  cell  formation  are  neither  correct 
nor  just;  and  some  of  them,  although  utterly  untenable,  are  repeated 
over  and  over  again  with  determined  pertinacity.  The  fact  that 
many  of  the  statements  used  in  favour  of  the  physico-chemical  fancies 
should  be  received  at  all,  proves  that  most  readers  are  content  to 
accept  the  conclusions  of  an  author  without  studying  or  enquiring 
into  the  facts  upon  which  they  are  based ;  and  that  no  matter  how 
cogent  the  arguments  against  a  particular  doctrine  may  be,  if  these 
be  judiciously  suppressed,  while  those  which  seem  to  be  in  its  favour 
are  energetically  and  positively  stated  and  sufficiently  reiterated,  the 
doctrine  will  be  forced  into  general  favour,  and  may  hold  its  position 
perhaps  for  a  long  time. 

S86.  or  the  Nutrition  and  Action  of  the  CeU. — It  is  generally 
supposed  that  when  a  tissue  grows,  certain  matters  existing  in  the 
blood  pass  from  that  fluid,  undergo  change,  and  are  directly  added 
to  the  tissue.  In  the  nutrition  of  such  a  tissue  as  cartilage,  it 
has  been  concluded  that  the  matrix  or  intercellular  substance  is 
deposited  directly  from  the  blood,  and  that  the  masses  of  germinal 
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matter  or  cells  take  no  active  part  in  the  formation  of  the  matrix. 
But  no  one  who  holds  this  doctrine  has  attempted  to  explain  by 
what  means  the  pabulum  becomes  altered  as  it  passes  through  the 
walls  of  the  vessels  and  is  changed  in  its  composition  so  as  to  resemble 
the  existing  cartilaginous  texture  lying  in  the  intervals  between  the 
masses  of  germinal  matter. 

It  is  quite  certain  that  nothing  having  the  composition  of  cartilage 
exists  already  formed  in  the  blood  ;  and  indeed  those  who  teach  that 
the  process  of  nutrition  is  of  the  nature  above  indicated,  are  driven 
to  attribute  mysterious  transforming  powers  either  to  the  lifeless 
vascular  walls,  or  to  the  equally  lifeless  tissue  itself  It  would  be  as 
unreasonable  to  attribute  transforming  powers  to  lifeless  wood,  or 
glass,  or  stone,  as  to  fibrous  tissue,  cartilage,  bone,  &c. 

It  will  have  been  observed  that  according  to  my  view  the 
changing  transforming  powers  reside  in  the  germinal  matter  alone. 
The  facts  advanced  by  me  in  1861,  concerning  the  nature  of  the 
germinal  matter  have  not  been  overthrown.  I  have  endeavoured  to 
show,  not  that  the  germinal  matter  acts  upon  matter  which  passes  by 
it  and  so  changes  it  without  undergoing  change  itself,  but  that  every 
kind  of  formed  material  and  tissue  passes  through  the  condition  of 
germinal  matter,  and  that  therefore  in  the  formation  of  fibrous  tissue, 
cartilage,  &c.,  pabulum  from  the  blood  is  taken  up  by  the  germinal 
matter,  becomes  germinal  matter  and  in  its  turn  is  gradually  resolved 
into  the  matrix  or  intercellular  substance.  w 

The  existence  of  germinal  matter  before  the  production  />/  formed 
material;  the  continuity  of  the  germinal  matter  with  the  formed  material 
in  tissues  in  process  of  developnaent ;  the  circumstance  of  no  case 
being  known  in  which  formed  material  is  produced  without  germinal 
matter;  and  the  demonstration  that  fluids  will  pass  through  a  com- 
patratively  thick  layer  of  formed  material^  and  reach  the  germinal  matter 
in  the  course  of  a  few  seconds^ — forced  upon  me  the  conviction  that 
pabulum  invariably  passes  to  the  germinal  matter,  and  that  it,  or  at 
least  some  of  its  constituents,  undergo  conversion  into  this  living 
substance^  and  acquire  its  properties  and  powers,  while  at  the  same 
time  other  portions  of  the  germinal  matter  lose  their  active  powers, 
and  undergo  conversion  into  formed  material. 

So  that  pabulum  invariably  becomes  germinal  matter,  and  the 
germinal  matter,  not  the  pabulum,  is  converted  into  formed  material. 
I  have  been  accustomed  to  state  these  facts  as  follows : — Calling  the 
germinal  matter  which  was  derived  firom  pre-existing  germinal  matter 
a,  the  pabulum  ^,  and  the  formed  material  resulting  from  changes  in 
the  germinal  matter  r,  I  say  b  becomes  a^  and  a  becomes  converted 
into  r,  but  b  can  never  be  converted  into  c  except  by  the  agency, 
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and,  in  fact,  by  passing  through  the  condition,  of  a,  figs.  370,  37^ 
pi.  LVIII.  So  far,  then,  it  would  seem  thai  in  the  process  of  num'tioi 
pabulum  passes  into  living  genninal  matter,  and  is  converted  into  tl 
substance.     The  formed  material  or  tissue  which,  in  many  case 
constitutes  the  chief  increase  in  weight  and  bulk,  has  all  pas 
through  the  state  of  germinal  mailer.      The  formation  of  this ; 
minal  matter  from  the  pabulum  is  therefore  the  important  part  t 
the  nutritive  process.    Similar  changes  occur  in  the  r 
simplest  living  creatures  as  well  as  in  the  most  complei 
higher  animals  the  food  introduced  into  the  stomach  becomes  d 
solved,  and  the  solution  is  taken  up  by  the  germinal  matter  of  the 
villi,  the  chyle  corjiuscles,  and  the  white  blood  corpuscles.     Changes 
occur  in  these  masses  of  germinal  matter,  and  the  products  resulting 
form  the  pabulum  for  the  germinal  matter  which  takes  part  in  tbtjj 
formation  of  the  various  lextures. 

0//A^  Action  of  lltt  Cell. — Now  there  can  be  do  doubt  that  t 
action  of  many  cells  is  due  to  the  chemical  changes  exerted  by  oxj 
upon  the  formed  material.  This  gas  combines  with  some  of  t 
elements  and  new  compounds  which  often  constitute  the  "  secretiott^ 
of  the  cell  are  formed.  It  will  be  observed  that  the  material  to  I 
oxydised  is  first  formed  through  the  agency  of  the  germinal  matter  a 
has  been  already  explained.  The  view  has  been  generally  acccpte 
that  oxygen  is  necessary  to  life.  It  is,  however,  certain  that  Ultf' 
principal  demand  for  oxygen  in  living  beings  arises  from  the  necessity 
for  chemical  change  and  destruction  of  material  which  is  formed  in 
consequence  of  the  vital  changes  occurring  in  the  germinal  matter. 
Oxygen  acts  principally  upon  the  surface  of  cells,  upon  the  oldest 
part  of  the  formed  material,  rather  than  upon  the  germinal  matter 
embedded  in  it  It  seems  that  the  formed  material  is  prevented 
from  accumulating  round  the  germinal  matter  of  many  cells  by  exter- 
nal agencies,  among  which  the  oxydising  action  of  oxygen  *is  the 
most  important  In  this  way  the  formed  material  becomes  resolved 
into  more  soluble  substances,  which  are  at  once  removed.  Thus 
the  passage  of  pabulum  through  the  formed  material  and  its  access 
to  the  germinal  matter  are  facilitated. 

A  cell  may  undergo  the  most  active  change  without  altering  in 
size.  The  absorption  of  pabulum  and  the  production  of  new  germinal 
matter  may  be  compensated  for  by  the  conversion  of  Ihe  btler  into 
formed  material,  as  the  old  formed  material  becomes  oxydised  and 
removed  from  the  cell.  Oxygen  acts  upon  the/j/i-ZM/watftf-of  the  cell 
rather  than  upon  that  which /rwr.  It  does  not  JH//o*y/j^  directly,  but 
is  necessary  to  the  continuance  of  life,  because  it  alone  ( 
the  products  of  death  and  decay  into  soluble  substances,  \ 
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be  readily  removed.     Fig.  370,  pi.  LVIII,  will  give  an  idea  of  the 
changes  which  take  place  during  the  process  above  referred  to. 


OP  VITAL  POWER. 

svg.  Of  Life; — ^The  vtfal  processes  of  growth,  formation,  and 
multiplication  never  occur  unless  germinal  matter  with  its  marvellous 
vital  power  is  present  The  formed  material  may  be  regarded  as  a 
product  resulting  from  the  collision  of  internal  vifa/,  and  external 
pAysica/ (oTces,  It,  therefore,  owes  its  properties  partly  to  the  changes 
occurring  in  the  matter  when  in  the  living  state,  partly  to  the  external 
conditions  present  when  the  matter  was  undergoing  change,  that  is 
at  the  moment  of  its  death. 

I  have  tried  to  account  for,  by  physics  and  chemistry,  the 
changes  which  take  place  in  the  living  or  germinal  matter,  as  far  as 
can  be  ascertained  by  microscopical  observation,  but  like  all  who 
have  hitherto  attempted  to  explain  vital  phenomena  in  this  way,  have 
signally  failed.  I  have  therefore  framed  an  hypothesis  in  the  hope 
that  it  may  aid  me  in  attempting  to  account  for  the  facts.  I  suppose 
that  a  peculiar  agency  or  force  compels  matter  to  assume  temporarily 
the  peculiar  state  characteristic  of  all  living  germinal  matter,  but  of 
living  matter  alone  (according  to  my  definition).  I  venture  to  call 
this  vtfa/  power.  Although  in  the  present  state  of  our  knowledge 
we  can  perhaps  form  no  positive  conception  of  the  real  nature  of 
this  wonderful  power,  any  more  than  can  be  formed  of  the  nature  of 
gravitation,  heat  or  electricity ;  by  studying  the  phenomena  we  gain, 
it  seems  to  me,  very  strong  arguments  against  the  view  now  very  pre- 
valent that  vital  power  is  but  a  peculiar  mode  or  form  of  ordinary 
force,  or  corresponds  to  what  we  call  the  peculiar  property  of  each 
different  inorganic  substance,  by  virtue  of  which  it  exhibits  a  con- 
stant crystalline  form,  a  definite  specific  gravity,  manifests  a  certain 
characteristic  behaviour  towards  other  substances,  &c.  Vital  power, 
it  is  true,  is  only  manifested  under  certain  conditions  which  are 
fixed  and  definite,  though  very  different  for  different  living  things ;  but 
is  it  necessarily  a  result  of  the  influence  of  those  conditions  on  inor- 
ganic matter  ?  We  are  unacquainted  with  all  the  conditions  absolutely 
necessary  to  life ;  but  is  it  not  almost  certain  that  the  external  con- 
ditions, whatever  they  may  be,  might  exist  for  any  period  without 
any  form  of  life  whatever  being  manifested  ? 

Some  will  say, — vital  power  must  be  another  mode  or  form  of 
ordinary  motion,  because  there  is  nothing  else  in  nature  that  it  can 
be.  There  is,  it  will  be  said,  but  one  power  capable  of  giving  rise 
to  the  phenomena  we  term  vUaly  and  this  is  force  of  some  kind  or 

V  2 
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Other.  But  is  not  this  begging  the  question,  and  is  it  not  a  mere 
assertion  instead  of  a  demonstrated  truth  to  say  that  all  the  forces. 
operating  in  nature  are  but  different  modes  or  forms  of  what  has 
been  called  primary  energy  or  motion  ?  It  is  hardly  yet  proved  that 
all  the  forces  now  recognised  are  mutually  convertible,  nor  is  it 
known  how  many  forms  or  modes  simple  primary  energy  or  motion 
may  put  on,  while  it  is  certain  that  many  phenomena  familiar  to 
us  cannot  be  explained  by  what  we  know  of  the  forces  of  matter. 
How  then  can  we  be  in  a  position  to  affirm  that  there  is  no  power  in 
nature  capable  of  giving  rise  to  vital  phenomena  but  some  form  of 
force  ? 

It  is  evident  that  vital  power  does  not  correspond  to  any  pro- 
perties manifested  by  ordinary  inanimate  bodies.  For  it  is  capable 
of  being  transferred  from  complex  particle  to  particle.  Moreover, 
it  not  only  controls  the  manifestation  of  ordinary  forces  but  gives 
rise'  to  the  formation  of  certain  compounds  and  structures  which  are 
destined  to  come  into  use,  not  as  soon  as  they  are  formed,  but  at 
some  future  time.  A  fully  formed  organ  is  not  first  represented  by 
a  microscopic  germ  of  precisely  similar  structure,  but  by  a  mass 
without  structure  at  all,  and  the  fully  formed  tissues  are  preceded  by 
the  production  of  several  less  elaborate  structures.  It  will  therefore 
be  seen  that  ^  vital  power '  governs  not  only  the  present  changes 
which  present  matter  is  to  undergo,  but  prepares  in  advance  for 
changes  which  are  to  occur  at  a  future  time.  The  formation  of  struc- 
tures is,  as  it  were,  prepared  for  long  before  the  compounds  are  pro- 
duced out  of  which  those  structures  can  alone  be  made.  While 
ordinary  force  seems  for  the  most  part  to  affect  masses  from  the 
surface,  vital  power  acts  from  the  very  centre  of  the  most  minute 
particles — new  power  seems  as  it  were  to  be  for  ever  springing 
atiew  from  the  cetttre  of  particles  of  matter  already  under  the  influence 
of  this  power.  While  ordinary  force  may  change  its  form,  it  cannot 
cease  or  be  annihilated ;  but  there  is  no  evidence  to  show  that  vital 
power  changes  its  form,  while,  as  far  as  is  known,  it  does  cease,  and 
without  undergoing  conversion  into  any  other  kind  of  power  or 
force.  No  one  has  yet  proved  that  when  living  matter  dies  the  vital 
power  changes  its  form,  and  becomes  converted  into  any  kind  of 
force  which  is  set  free;  and  although  it  has  been  asserted  that  more 
force  is  taken  up  in  the  formation  of  a  brain  cell  of  a  man  than  in 
the  formation  of  a  vast  quantity  of  vegetable  tissue,  thene  is  no 
evidence  in  favour  of  such  a  hypothesis.  It  is  but  an  authoritative 
dictum. 

Numerous  facts  and  arguments  thus  seem  strongly  in  favour  of  the 
view  that  there  exists  in  relation  with  every  particle  of  matter  that 
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is  alive,  a  certain  power  characteristic  of  each  different  species  of 
organism,  and  derived  from  a  pre-existing  particle,  which  exerts  a 
special  influence  in  determining  the  composition  and  properties  of  the 
substance  that  is  to  be  formed.  The  power  which  determines  the 
change  which  the  matter  is  to  undergo  resides  in^  or  at  any  rate  affects 
the  germinal  matter  of  the  cell  only.  And  lastly,  we  conclude  that 
this  power  is  not  of  the  nature  of  ordinary  force  because  there  is  no 
example  of  ordinary  force  producing  any  effects  like  it,  or  exhibiting 
any  analogy  with  force  phenomena  known  to  us,  and  we,  therefore, 
attribute  these  effects  to  the  working  of  some  power  which  exists  but 
which  belongs  to  a  different  order  or  class,  to  any  force  or  power 
w^hose  workings  are  at  present  known. 

Although,  as  was  to  be  expected  in  these  days  of  *  positive' 
knowledge,  these  views  concerning  vital  power  have  met  with  con- 
siderable opposition,  no  one  has  yet  explained  in  any  more  satisfac- 
tory manner  the  phenomena  occurring  in  a  living  amoeba  or  mucus 
corpuscle,  nor  is  it  very  likely  the  attempt  to  do  so  will  find  much 
favour,  seeing  that  there  is  no  escape  fi'om  the  confession  that  we  are 
not  able  to  explain  why  the  living  matter  moves  and  grows,  making 
amoeba  material  out  of  matter  totally  different  in  composition  and  pro- 
perties. It  is  said  to  be  unphilosophical  to  attribute  the  phenomena  to 
amoeba  power,  or  amoeba  force;  or  amoeba  life,  but  as  long  as  we  remain 
ignorant  and  the  question  remains  open,  surely  it  is  better  to  attribute 
the  phenomena  to  a  power  we  know  nothing  about  than  to  assert 
that  they  are  due  to  force. 

Is  not  this  very  unsatisfactory  attempt  at  explanation  less  blunder- 
ing and  more  honest,  inasmuch  as  it  is  a  confession  of  ignorance, 
than  the  affirmation  that  amoeba  phenomena  are  due  to  the  con- 
ditions under  which  the  matter  was  placed,  when  we  know  not  what 
we  mean  by  the  *  conditions,*  while  we  do  know  that  under  no 
Conditions  we  are  acquainted  with  can  an  amoeba  result  unless  an 
amoeba  or  its  ovum  or  germ  is  already  there  ? 

But  in  the  hope  that  those  who  differ  from  me  in  these  matters 
will  teach  me  how  I  may  explain  the  facts  without  resorting  to  a 
vital  hypothesis,  I  will  endeavour  to  state  my  difficulties  more 
distinctly. 

I  see  under  the  microscope  a  little  clear,  transparent,  structureless 
matter,  which  moves  in  various  directions.  Portions  of  the  mass 
project  at  different  points  around  the  circumference.  Some  of  these 
are  again  drawn  into  the  general  mass,  others  become  detached, 
never  to  join  again.  Each  separate  mass  grows,  or  takes  up  non- 
living matter  around  it,  which  non-living  matter  or  certain  of  its 
elements  becomes  part  and  parcel  of  the  growing  moving  mass.   The 
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matter  moves,  and  grows,  and  divides,  and  forms ;  and  I  find  that 
everything  that  lives  consists  of  matter  like  this,  possessing  like  pro- 
perties. 

I  find  no  matter  in  nature  which  moves,  grows,  divides,  or  forms 
save  that  which  came  from  matter  which  did  all  these  things  before 
it,  and  therefore  I  call  all  matter  which  does  all  these  things  livin^^ 
and  matter  which  does  not  do  these  things — which  does  not  exhibit 
the  phenomena  of  movement  in  all  directions,  growth,  division,  and 
formation,  non-living.  I  want  to  know  why  the  matter  grows,  moves, 
divides,  and  forms.  I  am  told  that  all  this  depends  upon  Jorce^  and 
that  force  is  conditioned  in  the  cell  mechanism  just  as  it  is  in  the 
machine. 

Then  I  urge  that  tlie  living  matter  came  from  living  matter  like 
itself  which  lived  before  it,  and  this  from  pre-existing  living  matter  ; 
while,  on  the  other  hand,  the  machine  was  not  derived  from  another 
machine,  which  after  taking  to  itself  iron  and  wood,  or  their  elements, 
and  other  things  entering  into  its  composition,  and  thus  for  a  time 
increasing  in  size,  at  lepgth  divided  into  two  or  more  new  machines. 

Since  force  cannot  of  itself ^rw  the  simplest  possible  machine  or 
thing  adapted  to  any  definite  end  or  purpose,  what  right  have  we  to 
assert,  contrary  to  all  analogy,  that  force  can  form  a  particle  of 
germinal  matter  which,  mass  for  mass  or  weight  for  weight,  is  far 
more  powerful  that  any  machine  ever  made  ? 

Lastly,  as  every  machine  results  from  the  application  of  force 
directed  by  human  intelligence  and  human  will,  is  it  probable  that 
the  cell  which  forms  itself  and  performs  of  itself  at  least  without 
human  interference  that  which  no  machine  has  ever  been  made  to 
do,  is  formed  by  unintelligent,  purposeless,  designless  force  ? 

But  supposing  living  matter  to  be  formed  upon  the  same  prin- 
ciples and  to  act  in  obedience  to  the  same  laws  as  the  machine,  we 
must  assume  that  intelligence  and  will,  or  some  substitutes  for  these, 
directed  the  application  of  the  force  by  which  each  atom  was  arranged 
in  its  proper  place  according  to  the  work  which  was  to  be  performed 
and  the  nature  of  the  things  to  be  made — for  are  not  the  springs, 
wheels,  and  beams,  &c.,  of  a  machine  made  and  placed  by  force 
directed  by  intelligence  and  will  in  the  places  designed  for  them  ?  If  we 
do  not  admit  this,  there  is  really  no  analogy  at  all  between  the  forma- 
tion of  living  matter  and  the  formation  of  a  machine.  It  must  be  re- 
marked here  that  it  is  a  great  mistake  to  compare  the  entire  organism  of 
man  or  animal  with  a  complete  active  working  machine.  If  any  com- 
parison at  all  is  justifiable  each  individual  cell  or  each  minute  par- 
ticle of  living  germinal  matter,  which  as  it  were  contains  within  itself 
directing  poivtr^  and   matter  to  b€  directed  and  arranged^  must  be 
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compared  with  the  complete  machine  in  actual  work,  including  its 
superintendent 

If  I  study  the  phenomena  of  a  machine  and  those  of  a  living 
organism,  I  find  that  although  the  results  may  be  similar,  the  means 
by  which  the  results  are  brought  about  are  totally  different  in  the 
two  cases ;  and  if  I  enquire  how  the  machine  was  made  and  how 
the  active  organism  was  made,  I  find  totally  different  methods  have 
been  pursued.  In  short,  it  seems  to  me  that  no  comparison  between 
the  working  machine  and  the  living  cell  can  properly  be  made. 

But  instead  of  the  superintending  agency  or  directing  power  being 
in  close  relationship  with  every  minute  living  particle  and  capable 
of  infinite  division  without  loss  of  power,  as  a  consideration  of  the  facts 
of  the  case  leads  us  to  conclude,  is  it  possible  that  the  directing  power 
may  operate  from  a  distance,  without  any  definite  location,  and  be 
capable  of  exerting  its  influence  through  any  media  that  may  be  in- 
terposed, able  to  direct  and  control  the  arrangement  of  matter  situated 
at  infinite  distance  or  infinitely  near  ? 

Having  regard  to  the  facts  as  we  know  them  to  be,  how,  I 
must  ask,  can  we  escape  the  conclusion  that  the  principles  upon 
which  living  matter  grows  and  acts  are  totally  distinct  from  those 
upon  which  machines  are  constructed  and  work  ? 

But  again  I  am  told  that  non-living  matter  which  never  manifests 
phenomena  exhibited  by  every  particle  of  living  matter,  passes  by 
imperceptible  gradations  into  this  last.  Yet  no  one  has  adduced 
examples  of  matter  exhibiting  such  gradations,  and,  as  far  as  I  can 
ascertain,  the  assertion  is  a  mere  dictum  without  the  slightest  founda- 
tion. It  seems  to  me  that  the  gulf  which  separates  the  simplest  living 
monad  from  man  is  as  nothing  compared  with  that  which  intervenes 
between  the  simplest  living  particle  and  the  highest  and  most  com- 
plex form  of  non-living  matter.  Instead  of  a  gradation  there  is  an 
abrupt  line,  a  separation  which  cannot  be  bridged  over — a  hiatus 
which  becomes  enlarged  and  more  vast  as  knowledge  increases,  a 
distance  immeasurable,  infinite.  , 

But  scientific  dogmatism  will  prevail,  and  the  energetic  disciples  of 
the  new  philosophy  will  be  well  supported  and  will  continue  to  assert 
their  "  positive  "  formulae,  in  spite  of  opposition.  *  The  sun  forms  the 
muscle— the  sun  builds  the  nerve.'  *  iThe  living  force<onditioning 
ihachine  is  formed  by  force.'  'The  living  cell  is  a  laboratory.'  While 
authorities  less  confident,  ambitious  of  earning  a  reputation  for 
caution,  unwilling  to  subscribe  to  these  bold  doctrines,  or  commit 
themselves  to  such  positive  professions,  will  reiterate  the  assertion 
that  ere  long  new  facts  will  be  discovered,  and  then  the  truth  of  such 
and  such  wonderful  generalisation  recently  disclosed  to  an  expectant 
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world  will  be  indubitably  established  on  a  secure  basis.  At  the  iaiAlrg 
time,  being  careful  to  insist  that  those  who  tliink  the  tendency  of 
observation  is  towards  an  opposite  conclusion,  are  certainly  mistalceo, 
and  in  some  instances  bigoted  and  unworthy  of  credit  As  if,  where 
real  knowledge  was  defective,  anything  save  individual  notoriety  of  the 
most  evanescent  kind,  was  to  be  gained  by  a  man  asserting  himself 
to  be  the  only  real  and  true  scientific  prophet.  Nevertheless,  the 
prowess  shown  by  the  "positive"  kiright  errants  in  assaulting  the 
"  fictitious  entities  "  which  have  so  long  and  cruelly  tyrannised  over 
the  innocent  and  thoughtful  must  be  admitted,  and  the  disinteresteil 
longing  exhibited  by  them  to  emancipate  the  human  understandiiy 
from  the  t>Tanny  of  imaginary  powers  which  have  so  long  enchaiiu 
it,  would  indeed  be  much  to  be  admired,  were  it  not  clear,  that  th« 
same  deliverers,  who  would  exultingly  snap  the  gossamer  chains 
spun  round  us  during  successive  ages  by  the  fictitious  entities  and 
iraaginaiy  forces,  would  deliver  us  to  be  bound  hand  and  foot  with 
the  heavy  fetters  forged  by  unimaginative  relendess  force,  and  Icwl^ 
us  into  interminable  blackness  where  all  power  of  seeing  i 
thinking  would  soon  cease. 

The  physico-chemical  school  has,  I  think,  only  added  to  the  c 
fusion  which  has  long  existed  in  men's  minds  concerning  the  nature  of 
the  actions  going  on  in  living  beings,  and  in  spite  of  all  its  professed 
care,  and  exactness,  denominates  phenomena,  which  are  essentially  _ 
the  same,  ri/aJ  or  phys'ual,  according  as  they  occur  in  ; 
organism  or  outside  it  A  change  taking  place  in  a  glass  vessel  0 
the  laboratory  table  is  chemical,  while  if  the  very  same  change"^ 
occurred  in  the  body  of  an  animal,  it  would  be  called  vitaL  Now, 
surely  the  name  given  to  any  phenomenon  should  depend  upon  its 
own  nature  real  or  supposed,  not  upon  the  locality  in  which  the 
phenomenon  is  manifested.  It  would  be  as  unreasonable  to  call  the 
same  colour  red  or  blue  according  as  its  position  was  altered  without 
the  least  change  in  its  appearance,  as  to  call  a  change  ekctrtail  or 
rhemkal  if  it  occurred  ppon  a  table,  and  vital  if  it  occurred  in  the 
organism  of  a  living  animal. 

It  will  have  been  noticed  that  the  word  vital  has  been  np)>lied 
byme  to  changes  and  acdons  quite  distinct  from,  and  indeed  in  their 
nature  opposed  to,  chemicaf,  physical,  &c.,  and  I  endeavour  to  define 
the  precise  seat  of  vital  action,  and  to  draw  a  sltarp  line  between  the 
vital,  and  merely /:4>'«ra/ and  c/ifw/iVn/ phenomena. 

S88.  or  LItIob  ana  DcmL — The  terms  living  and  dead  have 
for  me  a  meaning  somewhat  different  fi-om  diat  commonly  accepted. 
If  my  arguments  are  sound  the  greater  part  of  the  body  of  an  adult 
nvxa  or  animal,  at  any  moment  consists  of  matter  to  all  intents 
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and  purposes  as  dead  as  it  would  be  if  the  individual  itself  were 
deprived  of  life.  ([The  formed  material  of  the  living  cell  is  dead. 
The  only  part  of  the  living  cell  and  the  living  organism  which  is 
alive,  is  the  germinal  matter.  Nothing  can  be  regarded  as  alive  or 
living  but  germinal  matter  in  which  vital  changes  alone  taice  pkce. 
The  phenomena  of  imbibition^  osmose,  &c.,  in  cells,  even  the  contrac- 
tion of  muscles  and  the  action  of  nerves,  are  probably  in  themselves 
physical  actions,  although  they  were  immediately  preceded  by,  and 
are  probably  the  direct  consequence  of  actions  purely  vital.  But  for 
the  vital  phenomena  those  physical  actions  could  never  have  occurred 
in  the  precise  way  in  which  they  did  occur,  nor  effect  the  purpose 
they  did  effect  Were  it  not  for  the  vital  actions,  osmose,  muscular 
contraction,  nerve  action,  &c.,  would  of  course  soon  cease,  and  could 
not  be  resumed  unless  the  conditions  were  all  re-arranged  as  they 
were  before.  The  formed  material  in  which  all  these  changes  occur, 
could  not  have  been  formed  without  the  previous  manifestation  of 
vital  phenomena.  We  may  go  backwards  as  far  as  we  can,  but 
we  shall  always  find  vital  actions  concerned  in  bringing  about  the 
condition  of  things  necessary  for  the  particular  physical  and 
chemical  changes  which  occur  subsequently. 

It  will  be  asked  if  in  nutrition  the  lifeless  pabulum  suddenly 
becomes  living  germinal  matter,  and  if  the  latter  suddenly  dies,  and 
assumes  the  condition  of  formed  material  It  is  generally  taught 
that  the  elements  of  the  former  are  gradually  built  up  to  form  the 
tissue,  and  that  the  living  body  gradually  passes  into  the  condition  of 
death. 

I  daresay  I  shall  find  little  favour  in  these  days  of  implicit  belief 
in  continuous  and  uninterrupted  changes  and  gradual  transitions, — 
but  all  I  can  learn  compels  me  to  hold  that  the  change  from  non- 
living to  living  and  from  living  to  dead  is  sudden,  that  there  is  no 
transition  state  whatever, — that  matter  is  either  living  or  non-living, 
and  that  no  intermediate  state  is  possible.  The  germinal  matter 
itself  is  probably  not  in  any  one  part  capable  of  being  measured, 
entirely  living.  There  is  matter  which  has  lived,  matter  living,  and 
matter  which  is  about  to  live,  but  I  imagine  that  the  very  instant  the 
lifeless  atoms  come  within  the  influence  of  the  vital  power  of  a  living 
particle,  they  cease  to  be  lifeless  and  live ;  and,  on  the  other  hand, 
the  instant  external  conditions  interfere  with  the  continuance  of  the 
changes  occurring  in  the  living  particle,  it  dies,  its  atoms  rush 
together  in  a  certain  way  to  form  a  definite  compound  which  thus 
suddenly  comes  into  existence,  and  may  remain  as  it  was  formed,  or 
continue  to  undergo  further  chemical,  change,  or  become  resolved 
into  a  number  of  new  compouodsv 
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The  old  idea  that  a  living  thing  in  dying  gives  rise  to  a  new  life 
has  been  accepted  in  too  literal  a  sense.  This  notion  still  survives^ 
and  is  now  considered  by  many  to  represent  the  exact  truth.  It  i3 
supposed  that  before  a  plant  springs  from  the  seed,  the  latter  becomes 
completely  changed,  its  component  substances  completely  disin- 
tegrated, and  their  elements  re-arranged.  That  then  these  elements 
become  combined  to  produce  new  compounds  and  rearranged  to 
develope  new  forms.  From  what  has  been  already  stated,  it  must  be 
obvious  that  my  conclusions  are  at  variance  with  this  doctrine,  and 
that  both  views  cannot  possibly  be  true.  So  far  from  considering 
that  a  new  being  can  spring  from  the  products  resulting  from  the 
decay  and  disintegration  of  one  existing  before  it,  I  hold  this  to  be 
absolutely  impossible.  From  the  time  when  the  seed  was  first 
developed  in  connection  with  the  living  parent  plant  to  the  time 
when  it  becomes  a  perfect  living  organism,  living  matter  and  of  a 
particular  kind  has  not  ceased  to  exist  during  one  moment  of  time. 
However  dry  and  however  old  the  seed  may  be,  so  long  as  it  con- 
tinues capable  of  germination  it  must  contain  living  matter.  The 
cells  and  fibres  of  the  growing  plant  are  due  entirely  to  the  growth 
and  multiplication  of  living  particles  which  were  derived  from  the 
living  matter  of  its  predecessor — not  to  the  rearrangement  of  elements 
resulting  from  the  disintegration  of  any  mere  lifeless  compoimds 
entering  into  the  formation  of  the  seed  or  to  the  re-arrangement  of  the 
elements  of  substances  resulting  by  the  death  of  any  pre-existing  living 
thing.  If  life  which  influences  matter  ceases  but  for  an  instant  it  can 
never  be  rekindled  in  that  matter.  The  fact  of  continuity  in  vital  mani- 
festations cannot  be  argued  away.  There  is  absolutely  no  break,  and 
the  new  origin  of  life — spontaneous  generation  is  as  improbable, — 
may  I  not  venture  to  say  as  impossible  as  the  formation  of  matter 
anew. 

THE   STRUCTURE   AND  ACTION   OF   NERVOUS  APPARATUS. 

In  no  department  of  minute  research  have  I  found  the  particular 
method  of  investigation  here  advocated  more  useful  than  in  studying 
the  ultimate  arrangement  of  nerve  fibres  and  cells.  Our  views  con- 
cerning the  nature  of  nervous  action  will  be  necessarily  much  influ- 
enced by  the  general  notion  we  may  form  concerning  the  origin  and 
distribution  of  nerves.  At  this  present  time  there  is  the  greatest 
disagreement  among  authorities  concerning  fundamental  questions. 
It  is  not  even  determined  whether  nerves  terminate  in  ends  or  form 
continuous  circuits, — nor  whether  they  influence  tissues  by  reason  of 
their  being  in  structural  continuity  with  them  or  merely  indirectly,  in 
consequence  of  currents  passing  along  the  nerve  fibres  situated  at  some 
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short  distance  from  the  particles  of  tissue  to  be  influenced.  And  it  is 
not  known  whether  the  influence  is  produced  by  the  passage  of  a 
continuous  current  varying  in  intensity,  or  by  an  interrupted  current. 
Nor  is  there  more  accord  as  to  the  origin  of  nerves  in  centres ;  some 
holding  that  the  fibres  invariably  originate  in  cells,  others  that  some 
cells  have  no  fibres  at  all  connected  with  them.  And  of  those  who 
admit  the  first  proposition,  some  think  the  fibre  comes  fi:om  the 
body  of  the  cell,  others  trace  it  to  the  nucleus,  while  some  profess  to 
have  seen  it  emanating  firoip  the  nucleolus.  Or,  again,  concerning 
the  fibres,  which  unquestionably  originate  in  nerve  cells,  it  has  been 
stated  that  some  pass  into  nerve  fibres,  while  others  have  no  specisfl 
relation  to  nerves  at  all.  But  it  would  occupy  much  more  space 
than  it  would  be  advantageous  to  devote  to  it,  were  I  to  attempt 
to  give  even  a  very  brief  summary  of  all  or  even  the  most  important 
of  the  conflicting  opinions  now  entertained.  And  if  I  were  to  limit 
myself  to  any  one  organ  the  reader  would  be  equally  bewildered  by 
the  conflict  of  opinions,  and  by  the  multitude  of  assertions  which 
pass  for  statements  of  facts.  And  if  he  try  to  sift  the  evidence 
adduced  in  favour  of  the  views  propounded,  he  will  completely  fail, 
because  they  rest  upon  observations  which  for  the  most  part  he 
will  find  himself  unable  to  repeat 

I  shall  venture  to  refer  very  briefly  to  some  of  the  general  con- 
clusions I  have  myself  arrived  at  in  connection  with  the  structure 
and  arrangement  of  nerves,  by  working  according  to  the  principles 
enunciated  in  page  292. 

S89.  Of  Plexuses  mii«  Networks. — Every  one  agrees  that  the 
larger  nerve  trunks  are  in  many  instances  so  arranged  as  to  form 
plexuses  or  networks,  to  which  various  names  have  been  assigned 
by  anatomists,  according  to  their  position,  general  form,  origin,  &c. ; 
but  it  was  supposed  that  in  many  cases  nerves  pursued  an  almost 
direct  course  to  their  ultimate  distribution,  where  they  terminated 
in  firee  extremities,  in  cells,  or  by  becoming  continuous  with  the 
texture  they  influenced.  More  careful  observation  has,  however, 
demonstrated  that  all  nerves  before  they  reach  their  finest  ramifi- 
cations form  microscopic  networks  or  plexuses,  arranged  upon  the 
same  plan  as  the  coarser  networks  above  alluded  to ;  and  I  have 
been  able  to  demonstrate  that  Xht  finest  ramifications  themselves 
constitute  a  filexus  orjidwork^  in  which  the  component  ultimate  fibres 
are  arranged  in  much  the  same  manner  as  the  dark-bordered  fibres 
entering  into  the  formation  of  one  of  the  ordinary  plexuses. 

Careful  observations  upon  the  arrangement  of  particular  nerve 
plexuses  in  the  same  texture  at  different  periods  of  development 
have    convinced    me    that    the  ultimate  terminal  plexus   of   the 
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embryo  becomes  the  plexus  composed  of  coarser  fibres  of  the  ii 
and  child,  and  the  plexus  made  up  of  bundles  of  compound  dbres  of 
the  adult.  New  ultimati  nerve  plexuses  gradually  come  into  exist- 
ence as  the  constituent  fibres  of  those  previously  formed  grow  and 
slowly  become  converted  into  thick  nerve  fibres.  That  a  contintioiis 
development  of  new  nerve  fibres  lakes  place  in  the  adult  is  retidcred 
almost  certain  by  the  facts  demonstrated  in  many  textures  of  man 
and  the  lower  animals.  The  arrangement  of  nerve  plexuses  one 
remove  from  the  terminal  plexuses  of  the  nerve  fibres  will  be  under' 
stood  by  reference  to  pi.  LIX,  figs.  378  and  379.  The  arrangement 
is  the  same  as  regards  sympathetic,  and  spinal  motor  and  sensitive, 
nerve  fibres — except  that  in  the  latter  the  constituent  fibres  of  the 
plexuses  one  or  more  removes  from  the  terminal  plexus  are  dark- 
bordered, 

In  all  cases,  as  far  as  I  can  ascertain,  the  ultimate  terminal  fibres 
are  pale  and  granular,  exhibiting  nuclei  at  varying  intervals,  but 
are  distributed  upon  precisely  the  same  plan."  I  am  of  opinion, 
therefore,  that  there  is  not  such  a  thing  as  a  true  ettd  to  any  nen-c 
fibre,  I  must,  however,  admit  that  almost  all  the  observations  which 
have  been  made  in  Germany  during  the  last  few  years  are  opposed 
to  my  view.  Memoir  after  memoir  has  been  published  for  the 
purpose  of  proving  that  ner\'es  exhibit  terminal  extremities  in 
several  motor  and  sensitive  organs.  As  investigation  proceeds, 
Ais  controversy  becomes  more  interesting  and  exciting.     Although 

*  Not  munf  yeus  since,  numerous  observers  considered  that  no  fibre  coulJ 
correctly  be  termed  a.  nerve  fibre  which  did  not  exhibil  the  dark-bordeied  chancier, 
luid  many  real  nerve  fibres  were  r^arded  as  fibre;  of  connective  tissue.  Bui  dncc 
I  demon;traled  the  very  fine  nerve  fibres  in  many  different  texture^  and  showed 
that  in  all  cases  the  really  active  peripheral  part  of  the  nerve  Was  the  lemiinaJ 
pleiu&i  composed  of  very  fine  compound  fibres  often  less  than  the  u^arilh  of  an 
inch  En  diameter,  numerous  memoirs  have  appeared  in  Germany  in  which  the 
authors  endeavour  lo  prove  that  exceedingly  fine  fibres  pass  ofT  Jroro  what  I  louk 
upon  at  ihe  terminal  plenucs,  and  end  or  terminate  in  epithelial  cells.  Allusion 
has  lieen  made  to  some  of  these  in  pp.  1 13,  128. 

Pflllgpr  has  arrived  at  the  conclusion  thai  the  nerves  disUibuled  to ,  the  nlivary 
glandi  end  by  exceedingly  fine  filaments  in  Ihe  epithelial  cells  at  Iheir  nuclei ;  but 
I  do  not  think  that  in  ihi;  oi^an  tny  nerve  fibres  pass  beyond  ihe  surface  of  the 
connective  tissue  upon  wliich  ihc  secreting  eeUi  lie  1  have  never  bc«i  able  lo 
convince  myself  thai  nerves  pass  lo  Ihe  epithelial  cells  in  any  of  the  silualions 
indicated,  nor  have  I  seen  any  pre|)anilion«  at  all  conclusive.  On  the  olhcr  band 
there  are  many  facts  opposed  10  this  view.  Upon  the  %hole,  ihe  evidence,  so  far. 
b  strongly  in  fiivour  of  terminal  networks  beneath  Ihe  epithelium  of  sudi  tissues 
as  mucous  membrane  and  secreting  glands.  And  as  ucndm, — Ihe  productioD  of 
peculiar  compounds  by  cell-agency  differing  entirety  from  the  materials  out  of 
which  they  were  made, — certainly  lakes  phicein  many  cases  without  nervous  agoicy, 
much  stronger  evidence  than  any  yet  advanced  ought  to  be  adduced  before  the 
concluuon  that  nerves  act  dircclly  upon  Ihe  secreting  cell  ii  accepted. 
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my  opponents  are  many  and  powerful,  the  facts  in  favour  of  my 
own  view  are  now  very  numerous  and  almost  every  new  investiga- 
tion  I  attempt  enables  me  to  add  more  to  the  number.  My  con- 
clusions rest  upon  observations  made  upon  many  different  tissues  and 
organs  of  vertebrata  differing  widely  from  one  another,  as  well  as  upon 
those  of  numerous  invertebrate  animafs.  I  cannot  therefore  yield. 
I  consider  that  numerous  specimens  I  have  made  fully  justify  me 
in  maintaining  the  general  proposition  that  in  all  cases  the  terminal 
distribution  of  nerves  is  a  plexus,  network  or  a  loop,  and  hence 
that  in  connection  with  every  terminal  nervous  apparatus  there  must 
be  at  least  two  fibres,  arid  that  in  all  cases  there  exist  complete  circuits 
into  the  formation  of  which  central  nerve  cells^  peripheral  nerve  cells 
and  nerve  fibres  enter.  All  these  elements  are  in  structural  connec- 
tion with  each  other.  I  propose  now  to  illustrate  these  general 
observations  by  one  or  two  examples. 

S99.  The  Distribution  of  Motor  Nerves  to  Hnseles. — In  pi.  LX, 
fig-  380,  the  ultimate  arrangement  of  the  finest  nerve  fibres  in  volun- 
tary muscle  is  represented.  A  full  explanation  will  be  found  beneath 
the  drawing,  so  that  it  is  not  necessary  to  enter  into  a  minute  de- 
scription in  the  text 

The  nerves  distributed  to  the  muscular  fibres  of  insects  are  much 
finer  and  more  delicate,  and  far  more  difficult  of  investigation  than 
those  of  vertebrate  animals.  Many  writers  have  been  led  into 
fundamental  errors  concerning  the  structure  and  arrangement  of 
nerve  fibres  in  this  class  of  invertebrata.  What  really  is  a  compound 
nerve  fibre,  composed  of  very  many  individual  fibres,  has  been  looked 
upon  as  a  single  nerve  fibre.  The  nuclei  of  the  finer  nerve  fibres  have 
been  entirely  passed  over.  Muscular  nuclei  have  been  regarded  as 
bodies,  in  which  muscular  nerve  fibres  end.  A  plexus  formed  by  the 
compound  nerve  trunk  at  the  point  where  it  reaches  the  sarcolemma 
and  it  is  about  to  break  up  and  spread  over  the  surface  of  this 
membrane,  pi.  LXI,  figs.  381,  383,  has  been  regarded  as  the  terminal 
portion  of  a  single  nerve  fibre  hmeath  the  sarcolemma  and  in  contact 
with  the  muscular  tissue.* 

In  plates  LXI  and  LXI  I,  the  manner  in  which  .very  fine  nerve 
fibres  are  distributed  upon  the  sarcolemma  of  insect  muscle  is  well 
seen.  The  reader  should  refer  to  the  full  explanation  under  each  of 
the  figures  from  fig.  381  to  387  inclusive.  Ste  also  paper  on  the 
"Structure  of  the  Sarcolenraia  of  Insects,"  &c..  Microscopical  Journal 
fo|  July,  1864. 

The  arrangement  of  the  ultimate  nerve  fibres  in  involuntary  or 

•  Upon  this  subject  see  'Controversy'  Archives,  vol  IV,  p.  161,  and  a  paper  by 
Mr.  Gedge,  of  Cambridge,  in  the  July  number  of  the  Microscopical  Journal,  1867. 
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unstriped  muscular  fibre  will  be  understood  if  fig.  388,  [it.  LXIT, 
referred  to.  This  is  a  drawing  of  a  portion  of  some  of  the  muscular 
fibre  cells  from  the  bladder  of  the  frog,  amongst  which  the  finest 
ramifications  of  the  nerve  fibres  are  well  seen.  These  nerve  fibres 
form  bundles  and  networks,  having  wide  meshes  in  which  the  fine 
muscular  fibres  lie.  Some  of  the  muscular  fibres  are  spindle-shaped, 
while  others  consist  of  three  fibres  radiating  from  a  triangular  central 
portitm.  It  is  obvious  from  the  arrangement  figured  that  the  nerve 
filKes  only  influence  the  contractile  fibre  indirectly,  for  they  arc  not 
anywhere  in  actual  contact  with  the  contracting  material  of  the  fibre, 
nor  in  any  case  can  an  end  organ  or  any  form  of  terminal  apparatus 
be  delected,  nor  are  the  nerves  connected  with  the  nucleus  or  with 
any  pari  of  the  muscular  tissue  itself. 

Silt.  Kervc  Fibres  dUtrlbuicd  to  OrgMU  of  flpeclBl  ■ 
flenintlnn. — The  ultimate  arrangement  of  purely  sensitive 
may  be  demonstrated  in  many  of  the  terminal  organs  of  m 
lower  anim.-ils, — such  as  the  papilla  of  the  skin 
brane  in  certain  localities ;  but  of  all  tlie  organs  studied  by  micro- 
scopists  perhaps  the  larger  papillre  (the  fungiform  papillas)  of  the 
firog's  tongue  are  the  most  beautiful  as  well  as  the  most  convenient, 
not  only  for  investigating  the  terminal  distribution  of  purely  sensitive 
nerve  fibres  and  for  demonstrating  the  essential  structure  of  a  highly 
sensitive  organ,  but  for  ascertaining  the  relations  and  connections 
which  nerve  fibres  exhibiting  different  functions,  have  with  one 
another. 

In  the  small  portion  of  tissue  constimting  one  of  these  papillae 
we  see  striped  muscular  fibres,  capillary  vessels,  purely  sensitive 
nerve  fibres  forming  an  expanded  terminal  plexus  or  network  at  the 
summit  of  the  papilla,  motor  nerve  fibres  distributed  to  the  muscle, 
nerve  fibres  around  the  capillary  vessel,  and  a  few  very  fine  nerve 
fibres  ramifying  in  different  parts  of  the  papilla.  All  these  are 
embedded  in  and  held  together  by  connective  tissue,  forming  the 
body  of  the  papilla,  the  summit  of  which  is  surmounted  by  a  pecuEi 
epithelium-like  tissue,  perhaps  connected  with  the  nerves 
belonging  to  nesve  texture,  while  its  sides  are  covered  with  ordini 
ciliated  epithelium. 

These  papillae  have  been  studied  by  numerous  obBervers, 
strangely  enough,   the  latest   writer  hais  seen  far  less   than 
of  his  predecessors,  probably  because  he  has  been  less  successful 
preparing  lus  specimens.     Fig,  390  is  a  copy  of  Hartmann's  figuie 
taken  from  pi.  XVIII,  Muller's  Archiv,  1863.      It  represents  the  mode 
of  termination  of  the  bundle  of  nen-e  fibres  in  the  papilla  according 
this  observer.   Itwould  probably  be  difficult  to  adduce  a  more 
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example  of  the  destruction  of  beautiful  textures  by  the  process  of 
preparation  than  was  afforded  by  the  preparation  of  which  this  drawing 
is  a  copy.  Not  only  are  the  most  interesting  features  of  the  papilla 
entirely  lost,  but  the  large  dark-bordered  nerve  fibres  are  disarranged, 
and  the  most  important  part  of  them  completely  destroyed  or  rendered 
invisible.  It  is  strange  that  any  one  should  regard  the  appearances 
represented  in  the  drawing  as  natural,  or  permit  himself  to  conclude 
that  the  nerve  ended  so  abruptly.  No  fine  nerve  fibres  whatever 
could  be  seen,  nor  the  nuclei  which  are  connected  with  these,  and 
which  exist  in  great  numbers.  It  would,  of  course,  be  useless  to 
examine  such  a  specimen  with  high  powers,  for  nothing  further  could 
be  discovered.  As  the  same  objectionable  methods  of  enquiry  are 
still  advocated,  it  is  not  wonderful  that  those  who  adopt  them  have 
been  led  to  the  conclusion  that  high  powers  are  useless,  that  appear- 
ances observed  in  specimens  prepared  according  to  other  methods 
are  fallacious,  and  that  the  observations  of  those  who  by  adopting 
other  plans  of  enquiry  demonstrate  new  facts,  are  untrustworthy  and 
products  of  the  author's  imagination.  It  is  scarcely  possible  that 
the  author  of  such  a  drawing  as  fig.  390  can  place  any  confidence 
in  an  observer  who  ventures  to  represent  the  things  delineated  in 
fig.  389  as  accurate  copies  of  nature.  He  concludes  the  latter  has 
simply  appealed  to  his  imagination.  And  this  is  perhaps  the  only 
way  to  defend  his  own  position ;  for  so  many  people  are  in  these 
days  ready  to  believe  that  an  observer  who  professes  to  have  seen 
what  has  not  been  seen  before  is  but  a  fanciful  speculator,  and  not 
an  observer  at  all. 

But  it  is  quite  certain  that  the  most  delicate  constituent  nerve  fibres 
of  the  plexus  in  the  summit  of  the  papillae  of  the  frog's  tongue  (New 
Observations  upon  the  Minute  Anatomy  of  the  Papillae  of  the  Frog's 
Tongue,  Phil.  Trans,  for  1864,)  can  be  readily  traced  by  the  aid  of 
a  twenty-fifth  or  fiftieth,  if  the  specimen  be  prepared  according  to 
the  directions  given  in  p.  290.  The  finest  nerve  fibres  thus  ren- 
dered visible  are  indeed  so  thin  and  faint,  that  in  a  drawing  they 
would  be  represented  by  fine  single  lines.  ^  Near  the  summit  of  the 
papilla  there  is  a  still  more  intricate  interlacement  of  nerve  fibres, 
which  although  scarcely  brought  out  by  the  twenty-fifth,  is  very 
clearly  demonstrated  by  a  fiftieth  !  In  this  object  the  definition  of 
the  fibres,  as  they  ramify  in  various  planes  one  behind  another,  and 
interlace  almost  like  basket  work,  is  remarkable.  Moreover,  the  flat 
appearance  of  the  specimen  as  seen  by  the  twenty-fifth,  gives  place 
to  one  of  considerable  depth  of  tissue  and  perspective.  So  that  a 
more  correct  view  of  the  structure  of  these  papillae  is  obtained  by 
examining  them  with  a  fiftieth  of  an  inch  .than  with  a  twenty-fifth. 


336  now  TO  WORK 

and  even  this  leaves  many  points  worthy  of  more  extended  investiga- 
tion unsettled. 

The  fine  fibres  resulting  Irom  the  subdivision  of  the  dailt-boTdeT«d 
fibres  soon  divide  into  numerous  branches,  which  form  a  highly 
complex  plexus,  the  subdivisions  of  which  are  connected  here  and 
there  with  numerous  nuclei,  as  represented  in  t!ie  upper  part  of  the 
papilla,  fig.  389.  It  is  impossible  to  follow  these,  but  in  fig,  391  is 
a  diagram  representing  the  probable  arrangement  Each  papilU 
seems  to  be  connected  with  the  nerve  centre  by  special  libres  and 
with  neighbouring  papillK  by  commissural  fibres,  fig.  403,  pi.  LXVI. 
This  arrangement,  familiar  to  anatomists  in  the  optic  commissure, 
exists  here  and  in  all  other  nerve  organs,  pi.  LXIII,  fig.  394. 
The  general  arrangement  of  the  vessels,  muscular  libies,  and  other 
tissues,  will  be  understood  if  the  drawings  in  pi.  LXlIl  be  carefully 
studied. 

a»S.  or  tbe  CcUi  or  Nerre  Ccntm,  Candatc  ?lem  Cclla. — ^The 
caudate  nerve  cells,  of  the  spinal  cord  and  brain  have  long  been 
objects  of  attentive  study.  They  are  without  doubt  intimately 
concerned  in  the  production  of  the  highest  nerve  phenomena.  The 
structure  of  these  cells  is  very  peculiar.  Certain  granules,  lines,  and 
inequalities  in  their  substance,  particularly  upon  the  surface,  have 
long  been  familiar  to  observers;  but  in  1864  I  found  some  cells 
in  which  the  arrangement  of  lines  at  different  depths  was  very 
distinct  These  lines  could  be  traced,  as  is  well  rqwesented  in 
fig.  395,  and  shown  di.igrammatically  in  fig.  396,  They  clearly  passed 
firom  each  of  the  fibres  across  the  cell  into  every  other  fibre  proceed- 
ing from  it.  I  could  not  but  conclude  that  these  lines  marked  the 
paths  taken  by  the  different  nerve  currents  which  traversed  the 
cell. 

The  fibres  proceeding  fi'ora  the  cell  consist  of  the  same  material 
as  that  of  which  the  celt  itself  is  composed,  and  are,  as  it  were, 
drawn  off  from  it 

Fine  fibres  resulting  from  subdivisions  of  the  larger  fibres  leaving 
the  cell,  unite  togeilier  to  form  single  fibres,  as  represented  in 
fifr  397'  Thus  is  formed  a  dark-bordered  nerve  fil^re.  Every  one 
of  these  fibres  again  divides  and  subdivides  as  it  approaches  its 
peripheral  distribution.  The  manner  in  which  this  occurs  will  be 
understood  by  reference  to  figs.  399,  401,  401,  pis,  LXV  and  LXVI. 
See  also  figs.  193,  194,  pi.  XXX. 

a9s.  0#  Spherical  and  Oral  xerre  CcU^ — In  the  ganglia  con- 
nected with  the  sympathetic  nerves  of  the  abdominal  and  thoracic 
cavities,  in  those  on  the  posterior  roots  of  the  nerves,  in  the  ganglia 
connected  with  the  nerves  of  the  heart  and  of  many  of  the  vessels  of  the 
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head,  neck,  and  trunk,  &c.,  of  the  frog,  spherical,  oval,  and  some: 
times  angular  cells  exist,  which  contrast  remarkably  in  their  structure 
with  the  caudate  nerve  cells  just  described.  Although  from  some  of 
these  cells  fibres  had  been  traced,  until  recently,  the  opinion  was  very 
generally  entertained  that  the  cells  in  question  had  but  one  fibre 
connected  with  each  of  them,  and  Kolliker  and  others  maintained  that 
some  of  the  cells  were  entirely  destitute  of  nerve  fibres, — that  in  short, 
apolar^  unipolar^  and  multipolar  nerve  cells  existed  in  the  nervous  sys- 
tem. But  it  is  obvious  that  if  the  views  advanced  by  me  concerning 
the  fundamental  arrangement  of  a  nervous  apparatus  were  correct, 
all  nerve  cells  must  have  at  least  two  fibres  proceeding  from  th^m — 
must  be  bipolar,  and  therefore  that  neither  apolar  nor  unipolar 
nerve  cells  anywhere  existed.  Thus  a  doubt  was  cast  upon  the  cor- 
rectness of  the  observation  concerning  apolar  and  unipolar  nerve  cells, 
and  it  was  necessary  to  re-investigate  this  matter  with  great  care. 

My  observations  on  this  point  were  published  in  the  Phil.  Trans,  for 
1863,  and  render  the  existence  of  apolar  and  unipolar  cells  so  very 
doubtful,  that  some  of  those  who  had  described  them  have  since  given 
up  tiie  notion,  although  they  by  no  means  assent  to  the  general  proposi- 
tion which  I  think  has  been  established  by  my  observations.  I  was 
able  to  show  that  what  appeared  to  be  a  single  fibre  proceeding  from 
a  cell  really  consisted  of  two  fibres  which  diverged  from  each  other 
and  proceeded  in  opposite  directions  towards  their  destination,  a  fact 
greatly  in  favour  of  my  own  general  views  of  the  structure  of  a 
nervous  apparatus,  see  p.  331,  and  fig.  223,  pi.  XXXIV.  The  fibres 
could  be  readily  traced  to  the  body  of  the  nerve  cell,  where  the 
straight  fibre  was  seen  to  be  continuous  with  the  central  portion, 
while  the  spiral  fibre  passed  into  the  matter  forming  the  circumferen- 
tial p  jrtion  of  the  nerve  cell  By  carefully  studying  the  development 
of  these  nerve  cells  many  points  of  great  interest  and  importance, 
both  as  regards  the  structure  and  action  of  nerve  centres  were  demon- 
strated. The  reader  may  refer  to  the  figs,  in  pis.  LXVII  and  LXVIII, 
which  have  been  taken  from  the  original  memoir.  Amongst  the  fully 
formed  cells  are  observed  here  and  there  some  which  are  undergoing 
the  process  of  development  Such  embryonic  cells  are  seen  in  the 
ganglia  of  full-grown  as  well  as  in  those  of  young  frogs.  They  are 
to  be  found  at  all  ages  and  are  being  constantly  produced  at  all  times 
during  the  life  of  the  animal,  particularly  during  the  spring,  when  the 
nervous  system  is  in  its  highest  state  of  functional  activity.  Obser- 
vation has  shown  that  the  same  process  goes  on  in  the  sympathetic 
ganglia  of  man  and  the  higher  animals  as  well  as  in  those  on  the  pos- 
terior roots  of  the  spinal  nerves.  See  my  paper  on  Apolar,  Unipolar, 
and  Bipolar  Nerve  Cells,  &c.  These  and  some  other  facts  lead  me  to 
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think  that  cells  belonging  to  this  class  are  the  organs  in  which  r 
(electrical  ?)  force  originates  ;  while  the  triangular  cetls  of  the  brain 
and  spinal  cord  already  referred  to  should,  I  think,  be  regarrled  as 
points  in  which  several  currents  starting  from  very  different  parts 
decussate,  and  perhaps  where  secondary  currents  are  induced  in 
fibres  running  parallel  to  those  traversed  by  the  primary  current,  rather 
than  as  the  actual  sources  of  nerve  power. 

Such  investigations  cannot  fail  to  impress  us  with  the  wonderful 
character  of  the  mechanism  concerned  in  nervous  phenomena,  and 
lead  us  to  conclude  that  the  effects  produced  are  to  be  attributed 
rather  to  the  mechanism  through  which  force  works  than  to  any 
mysterious  or  peculiar  properties  of  the  force  itself  I,et  no  one 
therefore  conclude  that  anything  is  gained  by  regarding  ncn'e  force 
as  electricity  or  some  mysterious  unknown  correlative  of  ordinary 
force,  of  the  nature  of  which  we  know  nothing.  If  we  admit  it  to 
be  ordinary  electricity,  the  problem  is  not  solved ;  for  it  is  obvious 
that  its  manifestations  are  due  entirely  to  the  peculiar  arrangement  of 
the  nerve  cells  an6  fibres  which  constitute  the  mechanism  for  setting 
free  and  conducting  the  currents.  It  is  not  poss-ible  to  conceive  nerve 
phenomena  without  a  special  nervous  apparatus;  and  it  would  be 
absurd  to  ignore  this  apparatus  in  considering  the  nature  of  nervous 
action.  Tlie  acrion  of  the  machine  cannot  be  dissociated  from  its 
construction.  But  the  construction  of  the  apparatus  and  its 
tenance  in  a  state  fit  for  action  are  due  to  vital  power.  The  low( 
simplest,  and  least  varied  kinds  of  nervous  action,  like  all  otln 
actions  known  in  connection  with  the  living  elementary  parts  of 
living  beings,  are  intimately  connected  with  vitii/  changes,  and 
cannot  be  accounted  for  by  physical  and  chemical  laws  only.  When 
we  ascend  to  the  consideration  of  the  higher  and  more  complex 
nervous  actions,  we  find  reasons  for  concluding  that  the  vital  actions 
perform  a  still  more  important  part.  In  the  biain  of  man  we  havx 
probably  the  only  example  of  a  mechanism  possessing  within  itself 
not  only  the  means  of  repair  but  the  capacity  for  improvement 
and  the  power  of  increasing  the  perfection  of  its  mechanism,  not 
only  up  to  the  time  when  the  body  arrives  at  Maturity,  but  long. 
after  this,  and  even  in  advanced  life,  when  many  of  the  lower  tissi 
have  undergone  serious  deterioration,  and  have  long  passed 
jieriod  of  their  highest  functional  activity. 

These  examples  will  suffice  to  show  how  very  much  our  ideas 
upon  broad  and  highly  important  general  principles  may  be  modified 
hy  facts  discovered  in  the  course  of  investigations  upon  the  structure 
of  tissues  conducted  upon  new  principles  of  preparation, 
be  regrctteil  how  very  little  attention  is  jwid  to  this  highly  impoi 
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if  subordinate,  enquiry  by  many  of  those  who  profess  to  discuss 
physiological  questions  philosophically.  Some  seem  to  think  that 
considerations  about  demonstrating  anatomical  details  are  beneath 
the  notice  of  those  who  aspire  to  what  they  themselves  call  philo- 
sophical views.  If  it  were  possible  that  truth  could  be  evolved  out 
of  a  man's  understanding,  it  would  be  absurd  to  spend  time  in  making 
observations  which  may  after  all  often  turn  out  to  be  fallacious ;  but 
is  not  such  a  notion  opposed  to  all  experience  ?  and  is  it  not  certain 
that  real  progress  in  many  departments  of  philosophical  enquiry  is 
dependent  upon  improvement  in  our  methods  of  working  ? 
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S09a.  On  the  use  of  Borax  and  Boradc  Add. — Professor  Ernst 
Brucke,  of  Vienna,  has  recently  discovered  that  solutions  of  pure 
borax  and  boracic  acid  exhibit  peculiar  reactions  upon  albuminous 
substances.  A  2  per  cent,  solution  of  boracic  acid  unlike  most 
dilute  acids  does  not  retard  the  coagulation  of  the  blood.  In  a 
solution  of  three  parts  by  weight  of  pure  melted  boracic  acid  in  200 
of  water,  muscular  tissue  removed  from  a  recently  killed  animal  will 
retain  its  contractile  power  for  a  much  longer  time  than  if  immersed 
in  pure  water.  In  some  experiments  Brucke  found  that  the  muscles 
retained  their  contractility  for  twice  the  length  of  time.  The  muscles 
from  the  large  water  beetle  continued  to  contract  under  the  micro- 
scope for  upwards  of  a  quarter  of  an  hour  after  removal.  Briicke 
also  employs  a  2  per  cent,  solution  of  boracic  acid  for  studying  the 
structure  of  the  red  blood  corpuscles.  This  acid  has  not  yet  been 
much  employed  by  microscopical  observers,  but  it  is  one  which  is 
likely  to  be  useful  in  the  preparation  of  many  specimens.  *'  Uber 
das  Verhalten  lebendiger  Muskeln  gegen  Borsaurelosungen. '  "  Uber 
das  Verhalten  einiger  Eiweisskorper  gegen  Borsiiure."  "  Uber  den 
Bau  der  rothen  Blutkorperchen,"  von  Ernst  Brucke,  Band  LV  und 
LVI  der  Sitzb.  d.  k.  Akad.  d.  Wissensch.,  April,  Mai,  Juni,  1867. 

SSSa.  New  Colourlnir  Matter  deTeloped  by  LlTinir  OrKanlsms,  and 
irlvlnir  Tery  peculiar  Spectrum  Bands. — Mr.  Sheppard  {see  lettter  to  the 
Rev.  J.  B.  Readc,  Microscop.  Journal,  July,  1867,  p.  64)  discovered 
that  a  velvet-like  film  found  on  stones  lying  beneath  the  surface  of 
water,  containing  oscillatoricC,  confervoideae,  and  other  forms,  deve- 
loped a  bright  red  tint  after  it  had  remained  for  t\venty-four  hours 
upon  a  piece  of  greasy  paper.  Upon  further  investigation  it  was 
discovered  that  a  portion  of  the  film  when  mixed  with  white  of  egg, 
diluted  with  a  little  water  and  left  to  stand  for  a  night,  gave  rise  to  a 
solution  of  the  colour  of  magenta  dye. 

This  remarkable  colour  is  due  to  the  action  of  some  living 
organisms  upon  the  albumen  which  becomes  less  tenacious  in  con- 
sequence. The  colour  is  not  developed  when  the  vegetable 
organisms  have  become  stale.    Moreover  the  colour  disappears  when 
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decomposition  of  the  albuminous  fluid  takes  place.  The  coloured 
albuminous  solution  was  dichroic.  It  appeared  red  by  reflected,  and 
blue  by  transmitted  light. 

This  coloured  albuminous  fluid  is  the  only  blue  fluid  known  to 
Mr.  Sorby  which  gives  particular  bands.  Mr.  Browning  describes 
the  spectrum  as  follows  : — "  Commencing  at  the  least  refrangible  or 
red  end  of  the  spectrum,  we  find  it  cuts  pretty  sharply  a  short  piece 
of  the  extreme  red.  Then  we  have  a  strong  absorption  band  also 
in  the  red,  corresponding  to  2}  of  the  twelve  lines  given  by  Sorby*s 
standard  interference  spectrum  (pi.  L,  fig.  323).  A  second  absorption 
band  in  the  green  commences  at  line  4,  and  tones  off"  gradually  into 
the  spectrum  just  beyond  line  5." 

The  spectrum  of  the  fluid  viewed  by  reflected  light  was  found 
by  Mr.  Browning  to  be  very  different  from  the  one  by  transmitted 
light  just  described.  "  A  much  larger  portion  of  the  red  end  is 
absorbed,  but  not  so  sharply.  The  strong  band  in  the  red  is  shifted 
towards  the  more  refrangible  end  of  the  spectrum,  cutting  out  the 
edge  of  the  red,  some  of  the  orange,  and  most  of  the  yellow.  The 
second  absorption  band  is  wanting,  but  the  greater  part  of  the  light 
of  the  spectrum  is  absorbed  from  a  point  between  the  fourth  and 
fifth  lines,  and  all  the  light  is  absorbed  at  the  7th.  The  part  of  the 
spectrum  which  should  be  yellow,  has  a  strong  tinge  of  olive 
green." 

SS9  a.  Dr.  Woodward's  Improved  Arrmnsements  for  taking 
Photographs  of  Mlcroscrople  Ol^ects. — The  description  of  a  more 
l>erfect  and  convenient  plan  than  the  one  originally  adopted  by 
Dr.  Woodward,  at  the  Laboratory  of  the  Army  Medical  Museum, 
Washington,  U.S.,  has  lately  been  forwarded  by  him  to  Dr.  Maddox. 
I  am  glad  to  be  able  to  introduce  the  communication  here,  for  it  is 
in  itself  of  considerable  interest,  and  shows,  moreover,  the  high 
estimation  in  which  this  branch  of  microscopy  is  held  by  the  Govern- 
ment authorities.     See  also  p.  329. 

"  For  the  sake  of  convenience  a  camera  box  and  table  are  dis- 
pensed with,  and  the  operating  room,  having  a  window  facing  to  the 
south,  is  itself  converted  into  a  camera  by  wooden  shutters  on 
the  inside  of  the  window,  sufficient  non-actinic  light  to  enable  the 
operator  to  move  about  freely  being  admitted  through  yellow  panes 
in  a  sashed  door.  A  small  yellow  pane  is  also  let  into  one  of  the 
window  shutters  to  enable  the  operator  to  watch  the  sky  during  an 
exposure  and  see  when  clouds  are  about  to  obscure  the  sun.  The 
microscope  with  its  body  in  a  horizontal  position,  stands  on  a  shelf, 
on  the  inner  window  sill,  its  feet  fitting  into  brass  sleets  to  insure 
accuracy  of  position,  pL  LXIX,  fig.  417.     Covering  the  portion  of 
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the  window  towards  which  the  mkroscope  points  is  a  stout  ii 
able  shutter,  having  a.  squaie  opening  to  receive  a  moveable  piece 
which  fits  Into  it  with  a  rebate,  and  !s  held  in  position  by  four  w(x>d«n 
buttons.  An  aperture  is  cut  in  this  moveable  shutter  (/«fig.  414)  of  the 
same  diameter  as  the  short  body  of  the  n)icioscO[>e,  and  in  a  direct  line 
with  it ;  a  light-tight  connection  is  made  between  the  two  by  a  sliding 
brass  tube  (i)  fitted  to  the  shutter.  This  aperture  can  be  opened  and 
closed  at  will,  to  make  the  eKjwsures,  by  a  brass  plate  {f)  playing 
over  ihe  outer  face  of  the  shutter  on  a  pivot,  which,  passing  through 
the  shutter,  is  worked  by  a  handle  {(/)  from  withing  the  room. 

"  This  brass  plate  is  sunk  into  a  shallow  space  cut  in  the  shutter 
so  as  not  to  project  beyond  its  surface.  Over  the  plate  and  covering 
the  aperture  is  fastened  the  glass  cell  (e)  containing  the  blue  copper 
solution.  Immediately  below  the  edge  of  this  cell  a  piece  of  brass 
tubing  (/)  thirteen  inches  long,  is  screwed  to  the  shutter,  carrying 
at  its  e.ttremity  the  microscope  mirror  (^),  accurately  centred  oppo- 
site the  aperture  in  the  shutter.  This  minor  is  adjustable  from 
within  the  room  by  means  of  two  steel  rods  {AA)  attached  to  its 
framework  by  ball  and  socket  joints,  and  projecting  into  the  room 
through  small  holes  in  the  shutter.  One  of  these  rods  moves  the 
mirror  upon  its  vertical,  tlie  odier  upon  its  horiionial  axis.  The 
heliostat  stands  on  an  iron  shelf,  outside  the  window,  in  such  a  posi- 
tion that  its  mirror  is  a  few  inches  only  distant  from  the  microscope 
mirror  and  in  a  north-westerly  direction  from  it,  fig.  4 1 7,  fl. 

"  The  frame  for  the  plate-holder,  instead  of  standing  upon  a  table, 
is  supported  upon  a  narrow  walnut  car,  running  upon  an 
ten  feet  long,  laid  upion  the  floor  at  right  angles  to  the  plane  of  t! 
window  (j-iWfig.  417),  This  car  consists  essentially  of  a  base  madedi 
four  pieces  of  wood  joined  together  so  as  to  leave  an  opening  >n  d 
centre  eight  inches  square,  and  two  stout  uprights,  connected  by  j 
cross  piece,  which  rise  from  the  side  pieces  cf  this  base  and  hn 
a  V-shaped  way  cut  on  their  inner  faces  to  receive  the  sliding  j 
of  the  top  of  the  car.  This  lop  can  thus  be  adjusted  to  any  Sci| 
and  clamped  in  position  by  wooden  binding  screws,  so  that  ncj 
plates  of  different  sizes  may  be  used  if  desired,  and  centred  to  L 
axis  of  the  microscope  body.  The  track  {six  fig.  415)  consists  of  two 
wooden  rails  (_a)  an  inch  high,  screwed  to  the  floor,  upon  which  in 
turn  are  screwed  flat  iron  rails  {M)  whose  inn^  edges  project  half 
an  inch  beyond  the  wooden  rails.  These  iron  rails  are  cast  with  1 
A-shapcd  projection  on  their  upper  faces,  and  the  base  of  the  car  !■ 
furnished  with  small  brass  wheels  (aa)  correspondingly  grooved  I 
run  on  these  projections.  The  car  can  be  firmly  fixed  upon  I 
track  at  any. position  by  the  following  means.      Through  a  h 
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in  the  centre  of  the  cross  piece  (^  connecting  the  sides  of  the 
car,  runs  a  vertical  iron  rod  {e)  supporting  at  its  lower  extremity 
a  cast  iron  cross  piece  with  flat  ends  (/),  which  hangs  transversely 
to  the  direction  of  the  track  through  the  central  opening  in  the  base 
of  the  car.  The  ends  of  this  cross  piece  reach  under  the  projecting 
inner  edges  of  the  flat  iron  rails  (dd)  and  are  made  to  clamp  against 
their  under  surfaces  by  a  nut  with  handles  (^),  screwing  on  the  upper 
part  of  the  iron  rod,  and  binding  on  an  iron  washer  on  the  wooden 
cross  piece  (a)  through  which  the  rod  runs.  The  car  can  thus  be 
fixed  upon  the  track  at  any  distance  from  the  microscope  within  ten 
feet,  and  the  distance  that  the  surface  of  the  negative  is  from  the 
stage  of  the  microscope  in  any  given  position  is  determined  by  a 
scale  of  feet  laid  off  upon  the  floor  close  to  one  of  the  rails,  and  a 
scale  of  inches  on  the  side  of  the  base  of  the  car  {see  fig.  417). 

"  To  obtain  the  final  focus  of  the  image  upon  the  plate  in  the  plate 
holder,  the  following  contrivance  is  used  (see  fig.  416).  A  perfectly 
straight  cylindrical  iron  shaft  {a)j  runs  the  entire  length  of  the  track, 
midway  between  the  two  rails,  and  at  such  a  height  as  just  to  dear  a 
groove  on  the  under  surface  of  the  base  of  the  car.  This  shaft  has  a 
shallow  square  groove  cut  in  it  along  its  entire  length,  and  is  supported 
at  each  extremity  by  brass  bearings  attached  to  the  floor,  in  which  it 
turns  freely.  To  the  posterior  cross  piece  of  the  base  of  the  car  is  fas- 
tened a  bent  brass  bearing  (^),  projecting  into  the  square  opening 
in  the  base  of  the  car  and  supporting  two  bevel  gear  wheels  {c)  work- 
ing into  each  other.  The  upper  and  horizontal  one  of  these  wheels 
is  turned  by  a  vertical  iron  rod  (//)  attached  to  it,  which  is  furnished 
at  its  upper  extremity  with  a  large  milled  head  {e)  and  is  supported 
by  a  collar  (/)  attached  to  the  cross  piece  connecting  the  sides  of  the 
car.  The  lower  and  vertical  wheel  is  pierced  to  allow  the  passage  of 
the  long  shaft  (a),  and  from  the  surface  of  the  bore  a  small  square  iron 
tongue  projects,  exactly  fitting  the  longitudinal  groove  in  the  shaft 
By  this  means,  no  matter  what  may  be  the  position  of  the  car  upon 
the  track,  the  operator  can  rotate  the  shaft  (a)  through  the  pressure  of 
this  tongue  upon  the  sides  of  the  groove,  by  turning  the  milled  head 
(e)  connected  with  the  bevel  wheels.  At  the  same  time  the  car  can 
be  moved  freely  over  the  track,  the  iron  tongue  running  smoothly  to 
and  fro  in  the  grooves  of  the  shaft  This  long  shaft  (a)  is  made  to 
turn  the  fipe  adjustment  wheel  of  the  microscope  by  the  follow- 
ing means  (see  fig.  417).  Attached  to  the  edge  of  the  shelf,  upon 
which  the  microscope  stands  is  a  short  iron  axle  parallel  to  the 
grooved  shaft  below,  which  turns  fireely  in  two  flat  brass  bearings, 
and  supports  two  wheels.  One  of  these,  a  small  brass  wheel,  is 
grooved  and  connected  by  a  silk  thread,  removeable  at  pleasure,  with 
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the  fine  adjustment  wheel  of  the  microscope,  which  is  also  grooved. 
The  other,  a  large  wooden  wheel,  is  connected  permanently  by  a  flat 
leathern  band  with  a  similar  wheel  attached  to  the  long  iron  shaft 
below. 

"  The  steps  in  the  process  of  photographing  by  the  above  de- 
scribed apparatus  are  as  follows :  The  moveable  shutter,  with  the 
apparatus  attached,  is  buttoned  in  position,  the  heliostat  set  in  place 
6n  the  shelf  outside  the  window  and  properly  adjusted,  so  as  to 
throw  the  rays  reflected  from  its  mirror  upon  the  microscope  mirror 
at  the  extremity  of  the  rod  on  the  shutter.  The  window  shutters  may 
now  be  closed  and  need  not  again  be  opened.     The  microscope  is 
then  placed  in  the  proper  position  upon  the  shelf  inside  the  window, 
and  the  silk  thread  adjusted  which  connects  the  fine  adjustment 
wheel  with  the  wheel  on  the  edge  of  the  shelf     The  operator  then, 
sitting  on  a  stool  in  front  of  the  microscope,  and  inserting  an  eye- 
piece, views  the  object  as  in  the  ordinary  use  of  the  instrument.  This 
he  is  enabled  to  do  without  discomfort  or  injury  to  the  eye,  since  the 
light  transmitted  by  the  solution  of  the  ammonio-sulphate  of  copper, 
though  photographically  intense  is  luminously  comparatively  feeble, 
and  is  also  deprived  of  a  large  proportion  of  its  heat  rays  in  its  pas- 
sage through  that  medium.   While  thus  seated  at  the  microscope,  the 
operator  makes  the  necessary  adjustments  of  the  stage,  achromatic 
condenser,  diaphragms,  &c.,  having  perfect  control  of  the  illumina- 
tion by  means  of  the  steel  rods  attached  to  the  mirror  without  the 
window  and  projecting  into  the  room  through  the  shutter.     While 
making  these  adjustments  he  commands  the  fine  adjustment  wheel  by 
the  fingers  in  the  usual  way,  the  wheel  readily  slipping  under  the 
thread  that  connects  it  with  the  wheel  on  the  shelf  below.     These 
adjustments  being  made,  the  best  view  and  proper  illumination  of  the 
object  secured,  the  eye-piece  is  removed,  and  a  black  velvet  hood 
attached  around  the  edges  of  a  hinged  shelf  projecting  from  the  shut- 
ter (jsee  fig.  417),  is  lowered  so  as  to  envelope  all  of   the  microscope 
but  its  body,  thus  preventing  any  leakage  of  light  by  the  side  of 
the  objective.  The  operator  now  goes  to  the  car,  adjusts  its  position, 
noting  its  distance  from  the  microscope  by  the  scale  on  the  floor  and 
side  of  the  base  of  the  car,  as  already  described,  and  clamps  it  firmly 
in  place.     He  then  sits  down  behind  it  and  receives  the  image  upon 
the  surface  of  a  piece  of  plate-glass  held  in  the  plate  holder,  viewing 
it  with  an  eye-piece  held  against  the  glass  plate,  whose  focus  cor- 
responds exactly  with  the  anterior  surface  of  this  plate.     He  next 
turns  the  milled  head  that  operates  on  the  apparatus  for  turning  the 
fine  adjustment  wheel  of  the  microscope,  until  the  image,  viewed  as 
just  described,  appears  in  exact  focus  upon  the  surface  of  the  plate- 
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glass  screen.  The  aperture  in  the  shutter  is  then  closed  by  means  of 
the  brass  plate  with  handle  inside  the  room,  the  sensitive  plate  sub- 
stituted for  the  plate-glass  screen  in  the  plate-holder,  and  the  expo- 
sure made  by  opening  and  closing  the  moveable  shutter  by  the  means 
already  described.  The  time  of  the  exposure  is  noted  by  the  beats  of 
a  metronome,  adjusted  to  strike  at  second  intervals,  the  dimness  of  the 
yellow  light  in  the  room  rendering  the  use  of  a  watch  inconvenient. 
Having  obtained  the  negative,  a  stage  micrometer  is  substituted 
for  the  object  photographed,  and  its  divisions,  as  projected  up)on  a 
piece  of  ground  glass  held  in  the  plate-holder,  are  carefully  traced 
upon  paper.  By  comparing  these  with  a  standard  scale,  the  exact 
amplification  of  the  object  as  represented  in  the  negative,  is  readily 
calculated.  Other  negatives,  representing  the  same  magnifying  power, 
can  then  be  taken  at  any  time  by  using,  the  same  objective  and  placing 
the  car  at  the  same  distance  from  the  microscope.  The  ordinary 
wet  collodion  process  is  the  one  used  in  the  preparation  of  the  nega- 
tives." 

A  bright  white  cloud  illumination  is  obtained  by  throwing  the 
beams  of  light  from  the  mirror  on  to  a  piece  of  greased  ground  glass 
placed  in  the  short  body  of  the  microscope,  below  the  achromatic 
condenser,  by  which  the  interference  lines  so  often  resulting  from 
employing  the  unmodified  sun's  rays  are  destroyed,  and  long  expo- 
sures with  high  powers  permitted.  In  some  cases  Dr.  Woodward 
omits  this  ground  glass.  The  objectives  and  amplifiers,  as  made  by 
Mr.  W.  Wales,  of  Fort  Lee,  New  Jersey,  "  are  specially  corrected  so 
as  to  bring  to  oae  focus  the  rays  in  the  videt  end  of  the  spectrum, 
where  the  actinic  power  resides." 

The  violet  light  is  also  "  obtained  practically  pure  by  interposing 
in  the  solar  beam  reflected  from  the  mirror  a  shallow  cell,  with  plate- 
glass  sides,  containing  a  solution  of  ammonio-sulphate  of  copper." 

When  other  objectives  have  been  used  they  have  been  the  ordi- 
nary achromatic  lenses  of  other  makers ;  the  i-5oth  of  Messrs.  Powell 
and  Lealand  gave  excellent  results  in  the  hands  of  Dr.  Curtis,  as 
exemplified  by  the  prints  sent  to  this  country.  Dr.  Woodward 
lately  forwarded  to  Dr.  Maddox  some  observations  for  publication 
(which  were  placed  in  the  hands  of  the  editors  of  the  Microscopical 
Journal),  on  the  result  of  comparative  experiments  made  with  a 
flint-glass  prism  and  lens  to  increase  the  dispersion  of  the  violet  ray 
for  the  necessary  exposure,  and  the  ammonio-sulphate  of  copper 
cell,  the  light  employed  being  the  same,  in  both  cases  reflected 
from  a  plane  mirror.  It  was  found  by  using  a  sensitised  collodion 
plate  that  the  actinic  power  was  in  favour  of  the  light  transmitted 
through  the  cell ;  or,  in  other  words,  that  the  loss  by  dispersion  was 
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greater  than  the  loss  by  absorption  in  its  transit  through  the  cupreous 
solution.  The  details  of  this  judicious  and  well-directed  experiment 
testify  to  the  care  bestowed  on  these  matters  at  the  Government 
Laboratory.  Dr.  Woodward  is  about  to  institute  a  series  of  compara- 
tive experiments  between  the  lenses  of  various  makers,  and  between 
the  lenses  employed  dry  and  d  Pimmersion.  In  a  photomicrograph 
sent  to  Dr.  Maddox  by  M.  Nachet  fils,  as  taken  with  his  No.  7  objec- 
tive by  M.  Lakenbauer,  the  areas  of  Pleurosigma  angulatum  are 
shown  as  nearly  circular  with  a  central  dot,  considered  by  these 
observers  to  be  the  foci  of  the  little  hemispheres. 

On  p.  sss  it  should  have  been  stated  that  in  185 1  Dr.  Hugh 
Diamond,  in  conjunction  with  Mr.  Archer,  succeeded  in  taking 
photographs  of  microscopic  objects  by  the  collodion  process. 
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TABLES  FOR  PRACTISING  THE  USE   OF   THE   MICRO- 
SCOPE AND  MICROSCOPICAL  MANIPULATION. 

All  who  desire  to  become  practically  familiar  with  the  use  of  the  microscope, 
and  to  learn  how  to  observe,  are  strongly  recommended  to  submit  to  the 
routine  which  a  conscientious  practice  of  the  experiments  given  in  the 
following  Tables  necessarily  involves.  The  author  is  fully  persuaded 
that  the  patient  prosecution  of  the  course  recommended,  for  two  or 
three  hours,  on  eight  different  occasions,  will  enable  the  student  to 
obtain  a  practical  acquaintance  with  the  elements  of  microscopical  en- 
quiry, which  it  would  not  be  possible  for  him  to  acquire  so  readily  by 
reading,  or  indeed  by  any  other  plan. 


TABLE  L 

ARRANGEMENT   OF   THE    INSTRUMENT    FOR    OBSERVATION.  — DRAWING 

AND   MEASURING  OBJECTS, 

1.  Arrange  the  microscope  for  examining  objects  by  transmitted 

light.— §  34,  pi.  X,  fig.  42. 

2.  Examine  the  objects  upon  the  slide*  with  the  inch,  and  afterwards 

with  the  quarter  of  an  inch  object-glasses,  using  first  the  shallow, 
and  afterwards  the  deep  eye-piece. — §§  4,  5,  6,  pi.  I,  figs.  3,  4,  7. 

3.  Arrange  the  mirror  in  such  a  manner  that  the  rays  of  light  may 

pass  through  the  object  in  a  direct  course  or  obliquely. — §  10, 
pi.  V,  fig.  19. 

4.  Examine  the  same  object  under  the  quarter  of  an  inch  object- 

glass  with  Ihe  achromatig  condenser,  and  afterwards  without 
the  use  of  this  instrument — §  37,  pi.  XII,  fig.  54. 

5.  Draw  upon  paper  some  of  the  objects  f  on  the  slide. — §  41. 

a.  Judging  of  the  size  of  the  paper  by  the  eye  alone. 

b.  By  placing  the  paper  on  a  level  with  the  stage. 

£,  By  measuring  with  a  pair  of  compasses,  p.  288. 

d.  With  the  aid  of  the  neutral  tint  glass  reflector. —§  44, 
pi.  XIII,  fig.  60. 

*  Scales  from  the  wing  of  a  butterfly, 
t  Tracheae  from  a  ^caterpillar. 
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6.  Ascertain  the  diameter  of  the  objects  upon  the  slide,*  using  the 

inch  object-glass  and  stage  micrometer  divided  to  looths  of  an 
inch,  with  the  aid  of  the  neutral  tint-glass  reflector. — §§  44*  ^2, 
64,  pi.  XIII,  fig.  60.     PL  XII,  fig.  56. 

7.  What  is  the  magnifying  powers  of  the  two  French  and  English 

object-glasses  on  the  table  ?  | — §  63. 

a.  With  the  shallow  eye-piece. 

b.  With  the  deep  eye-piece. 

8.  Measure  the  angles  of  the  crystals  J  upon  the  slide. — §  270*, 

pi.  XLII,  fig.  268. 


TABLE  II. 

EXAMINATION   OF  OBJECTS   BY   DIRECT  OR   REFLECTED    LIGHT, 
TRANSMITTED   LIGHT,    AND   POLARISED   LIGHT. 

9.  Examine  the  objects    upon  the  slide  §  and.   carefully   note    the 

different  appearances  produced  by  examining  them 

1.  By  reflected  light  as  opaque  objects,  employing 

a.  The  bull's-eye  condenser.  — §  27,  pi.  XI,  figs.  51,  52. 

b.  The  Lieberkuhn  and  a  stop. — §  30,  pi.  XII,  fig.  53. 

2.  By  transmitted  light  J  employing, 

a.  Direct  rays. 

b.  Oblique  rays. — PI.  X,  fi^.  42- 

3.  By  polarised  light, 

a.  Employing   the    polariser   and    analyser    only. — §    23, 
pi.  XIII,  figs.  57,  58. 

b.  After  placing  beneath  the  objects  a  plate  of  selcnite. 

10.  Examine  some  of  the  same  crystals  in  different  media,  as  de- 

scribed in  §§  136  to  143,  pi.  XIX. 

a.  In  air. — §  141. 

b.  In  water.  -§  142. 

c.  In  turpentine,  oil,  or  Canada  balsam. — §  143. 

•  Fragments  of  human  hair. 

+  French  quarter  and  one  inch. — English  quarter  and  one  inch. 

J  Crystals  of  cHolestcrine. 

§  Spherical  crystals  of  carbonate  of  lime  or  starch  globules. 
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11.  Examine  the  different  appearance  of  the  globules  of  potato- 
starch  and  the  pollen  from  different  plants  under  the  same  cir- 
cumstances. 

12.  Notice  the  microscopical  characters  of  air-bubbles  and  oil- 
globules,*  and  examine  them  by  reflected  and  by  transmitted 
light.  — §  137,  pi.  XIX,  figs.  122,  123,  124,  126. 


TABLE  III. 


ON    MAKING   CELLS    FOR   PRESERVING    MICROSCOPICAL    SPECIMENS. 

13.  Make  a  paper  cell  and  attach  it  to  the  glass  slide. — §  114. 

14.  Make  a  thin  cell  with  the  aid  of  marine  glue,  and  another  with 
tinfoil. — §§  117,  118. 

15.  Make  some  square  thin  cells  of  Brunswick  black,  and  some 
circular  cells  with  the  aid  of  Mr.  Shadbolt's  apparatus. — §  116, 
pi.  XVI,  fig.  91. 

16.  Cut  some  squares  of  thin  glass,  with  the  writing  diamond. — 
§  "9- 

17.  Cut  some  circular  pieces  of  thin  glass,  using  the  brass  circles. — 
§  119,  pi.  XVI,  figs.  94,  95. 

18.  Make  some  thin  glass  cells  in  the  manner  directed  in  §§  124, 

125,  pi.  XVII,  fig.   99,  and  when  complete,  grind  the  upper 
surface  upon  the  emery  slab,  fig.  102. 

1 9.  Cut  with  the  glazier's  diamond  some  sliprs  of  glass,  three  inches 
by  one  inch,  for  slides. — §  119,  pi.  XVI,  fig.  92. 

20.  Make  a  cell  of  thick  glass  in  the  manner  described  in  §§  127, 

128,  pi.  XVIII,  figs.  109,  no. 

21.  Make  a  deep  cell  of  gutta  percha.  The  gutta  percha  must  be 
softened  in  hot  water  and  then  moulded  upon  some  object  the 
size  of  the  required  cell. — §  131. 


*  Small  air-bubbles  can  be  obtained  by  shaking  a  little  gum-water  in  a  bottle. 
A  drop  may  then  be  placed  upon  a  glass  slide.  Milk  affords  oil-globules  in  abun- 
dance. 
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TABLE  IV. 

ON   MAKING  MINUTE   DISSECTIONS. — CUTTING  THIN   SECTIONS   OF 
TISSUES  FOR  MICROSCOPICAL  EXAMINATION. 

22.  Trace  the  nerves  in  the  portion  of  tissue  on  the  table.*     Pin  it 

out  on  a  loaded  cork,  and  dissect  it  beneath  the  surface  of 
water  with  the  aid  of  a  strong  light  condensed  upon  it  by  the 
large  bulFs-eye  condenser,  in  the  manner  directed  in  §  144, 
pi.  XXI,  fig.  133. 

23.  Cut  some  very  thin  sections  of  the  different  soft  tissues  upon  the 
table.  t—§  147. 

a.  Using  the  scissars. — PI.  XV,  figs.  82,  83,  84. 

b.  Using  the  double-edged  knife. — PI.  XIV,  figs.  75,  76,  77. 

c.  Using  Valentin's  knife. — PL  XV,  figs.  78,  79. 

All  these  instruments  must  be  well  wetted  before  the  section  is 
removed. — §  147. 

24.  Place  some  small  pieces  of  tissue  in  the  compressorium  and 
dissect  them  under  the  microscope  in  the  manner  described  in 
§  149,  pi.  XXI,  figs.  135,  136. 

25.  Make  some  thin  sections  of  wood  with  the  aid  of  the  section 
cutter  alluded  to  in  §  156,  pi.  XXI,  fig.  137. 

.26.  Place  some  of  the  sections  of  pith  or  bone  in  thin  cells,  cover 
them  with  thin  glass,  and  let  them  be  preserved  as  dry  objects. 
— §§  141,  152. 

27  Ascertain  the  effect  of  the  different  preservative  solutions  upon 
the  appearance  of  the  sections  in  the  microscope. — §§  99  to  113. 

28.  Place  some  of  the  sections  which  have  been  allowed  to  soak  for 
half  an  hour  in  the  fluid  in  which  they  are  to  be  preserved  in 
thin  glass  cells,  and  apply  the  thin  glass  cover,  observing  the 
precautions  detailed  in  page  117.  Remove  the  fluid  outside, 
and  anoint  the  edge  with  Brunswick  black,  which  must  be 
applied  with  a  small  brush. 

29.  Make  a  thhi  section  of  the  injected  tissue  on  the  table  and 
preserve  it  in  glycerine,  or  in  gelatine  and  glycerine. — §§  loc, 
105,  106. 

30.  Dry  another  section  and  mount  it  in  Canada  balsam. — §  143. 

*  The  skin  or  muscular  tissue  of  any  small  animal,  a  part  of  a  frog, 
t  A  piece  of  tendon,  cartilage,  kidney,  and  liver  of  a  sheep.     These  may  be 
easily  obtained  of  the  butcher. 
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TABLE  V. 

KIDNEY.— MUSCULAR  FIBRE. — PIG'S-SKIN. — PITH. — WOOD. — SPIRAL 

VESSELS. —  VALLISNERI  A, 

3 1 .  Make  thin  sections  of  the  sheep's  kidney  upon  the  table,  and 
after  washing  them,  subject  them  to  examination  with  the 
inch,  and  afterwards  with  the  quarter.  Some  may  be  examined 
in  water  and  others  in  glycerine,  one  section  should  be  mounted 
in  the  mixture  of  gelatine  and  glycerine, — §  106.  Observe 
the  different  characters  of  the  tubes  in  the  central  and  in  the 
cortical  portions  of  the  organ,  and  endeavour  to  make  out  the 
following  structures : — Epithelium^  basement  membrane  of  the 
tubes^  Malpighian  bodies  and  capillary  vessels  lying  between  the  tubes, 
p.  142.  The  arrangement  of  the  vessels  may  be  satisfactorily 
demonstrated  in  an  injected  specimen. — Table  VII. 

32.  Take  a  very  small  fragment  of  the  muscular  fibre  of  the  skate  or 

eel,  and  after  tearing  it  up  with  needles,  moisten  it  with  water, 
and  cover  it  with  thin  glass.  Endeavour  to  find  elementary 
fibres  in  which  the  tube  of  sarcolemma  remains  entire  while  the 
sarcous  tissue  within  is  ruptured. — §§  212,  220,  pi.  XXVIII, 
fig.  184. 

33.  The  portion  of  pig's-skin  on  the  table  has  been  allowed  to  dry  by 

exposure  to  the  air.  Thin  transverse  sections  are  to  be  removed 
with  a  sharp  knife,  and  subsequently  moistened  with  water.  In 
this  manner  a  very  thin  section  may  be  obtained,  which  soon 
regains  its  normal  appearance.  It  may  be  mounted  in  any  of 
the  preservative  fluids  before  alluded  to. — §  150. 

34.  Cut  thin  sections  of  the  cornea  and  sclerotic  of  the  eye  which  have 
been  allowed  to  dry  after  having  been  pinned  out  on  a  board  ; 
soak  them  in  a  drop  of  water  for  twenty  minutes  or  more,  and 
examine  them  first  with  an  inch  object-glass  and  afterwards  with 
a  quarter. — §  150. 

35.  Cut  a  thin  section  of  the  pith  of  the  rush  and  examine  it  as  a  dry 
object ;  afterwards  place  it  in  fluid.  Observe  the  air  within 
many  of  the  cells. 

36.  Demonstrate  the  circulation  in  the  cells  of  vallisneria  spiralis. — 
§  259,  pi.  XXXVIII,  figs.  243,  244. 

37.  Wash  some  pieces  of  the  sea-weed  m  plain  water,  and  preserve 
some  of  them  in  glycerine,  and  others  in  solution  of  chloride  of 
calcium. — §  260. 
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TABLE  VI. 

MAKING  THIN  SECTIONS  OF  BONE  AND  HAIR,  AND  MOUNTING 
THEM  IN  CANADA  BALSAM. — MOUNTING  DIFFERENT  PARTS  OF 
INSECTS. — SEPARATION  OF   DEPOSITS   FROM    FLUIDS. 

^S.  Cut  some  thin  sections  of  dry  bone  with  the  saw  and  grind  them 
to  the  required  degree  of  tenuit>'  between  the  hones. — §§  152, 
218. 

39.  Upon  microscopical  examination  they  will  be  found  covered  with 
numerous  scratches  which  must  be  removed  by  rubbing  the  sec- 
tions upon  a  dry  hone,  and  afterwards  upon  a  piece  of  plate- 
glass.— §  152. 

40.  When  the  sections  of  bone  are  sufficiently  smooth,  mount  one  of 

them  at  once  in  balsam,  and  treat  another  section  with  turpen- 
tine before  immersing  it  in  the  balsam.  Compare  the  different 
microscopical  characters  of  these  two  specimens,  pp.  78,  121. 

41.  Cut  some  thin  transverse  and  longitudinal  sections  of  hair,  and 

examine  them  under  the  quarter  of  an  inch  object-glass.  These 
may  be  washed  in  water  and  mounted  in  Canada  balsam. — 

§  155- 

%j2.  After  drying  several  portions  of  the  insects  in  a  capsule  over  the 
water-bath  (claws,  antennre,  wings,  eyes,  spiracles),  moisten  them 
with  turpentine  and  mount  them  in  Canada  balsam. — §§  143, 
25i»  252. 

43.  After  the  deposit  suspended  in  the  fluid  in  the  conical  glass  has 
subsided,*  a  portion  is  to  be  removed  with  the  pipette  and 
placed  in  a  cell,  or  in  the  animalcule  cage,  for  examination. — 
§  159,  pi.  XXII,  fig.  141,  pi.  XVIII,  fig.  112. 

44.  The  fluid  may  then  be  allowed  to  evaporate  spontaneously  or  by 

placing  the  slide  under  a  bell-jar  over  sulphuric  acid,  pi.  XX, 
fig.  131,  and   the  residue  mounted  in  Canada  balsam. 

45.  Subject  some  of  the  infusoria  in  the  specimen  of  water  on  the 

table  to  examination  with  a  quarter  of  an  inch  object-glass. f — 
§248. 

*  Small  marine  shells,  sand,  &c. 

t  Water  containing  pieces  of  animal  and  vegetable  matter  which  had  been  kept 
for  several  days. 
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TABLE  VII. 


OF    INJECTING    WITH     OPAQUE  AND    TRANSPARENT   MATERIALS.-* 
PRUSSIAN   BLUE  FLUID   FOR   INJECTION. 

46.  Arrange  the  injecting  apparatus  conveniently  (§  165)  and  proceed 

to  inject  the  artery  supplying  the  eye-ball  of  the  ox's  eye  on  the 
table,  with  size  and  chromate  of  lead— §§  167,  170,  i86. 

47.  Eye, — Introduce  the  pipe  into  the  vessel  running  close  to  the  large 
optic  nerve,  and  tie  it  carefully,  observing  the  precautions  de- 
tailed in  §  186.  The  eye  must  be  allowed  to  remain  in  warm 
water  until  warm  through,  and  the  injecting  material  prepared  in 
the  manner  described ;  it  is  to  be  mixed  with  melted  size  and 
strained  immediately  before  use.  When  the  injection  is  com- 
plete the  eye  is  to  be  placed  in  cold  water.  Should  it  become 
very  much  distended  by  the  accumulation  of  the  injection 
within  it,  a  puncture  may  be  made  in  the  cornea,  which  will 
permit  the  escape  of  the  aqueous  humour,  and  then  the  vessels 
may  be  more  completely  injected. — §  186. 

48.  Prepare  some  Prussian  blue  injecting  fluid. — §  178. 

49.  /r^.— Insert  an  injecting  pipe  into  the  aorta  of  the  frog  in  the 

manner  described  in  §  186,  and  slowly  inject  the  fluid. 

50.  The  specimens  having  been  completely  injected  portions  may  be 

submitted  to  microscopical  examination. — §  212. 

51.  The  globe  of  the  eye  may  be  opened  and  portions  of  the  follow- 
ing tissues  removed  with  scissars,  ciliary  processes  situated 
behind  the  iris,  the  retina  (the  most  internal  of  the  membranes 
within  the  globe),  the  choroid  (external  to  the  delicate  retina). 
These,  after  having  been  carefully  washed  in  water,  may  be  sub- 
mitted to  examination  in  fluid  with  the  inch  object-glass. 

The  ciliary  processes  and  the  choroid  require  to  be  well  washed 
in  order  to  remove  the  black  pigment  with  which  they  are 
covered. 

52.  Portions  of  the  lung  and  intestines  of  the  frog  may  be  removed, 
and  after  being  well  washed,  may  be  submitted  to  examination 
These  are  to  be  examined  by  transmitted  light,  and  may  be 
placed  in  glycerine.  The  inch  object-glass  should  be  employed 
in  the  first  instance,  and  afterwards  the  quarter. 
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TABLE  VIIL 


OF  THE  USE  OF  CHEMICAL  REAGENTS   IN  MICROSCOPICAL 

INVESTIGATION. 

53.  Test  the  powder  on  the  glass  slide  for  the  presence  of  carbo- 
nate,* using  the  precautions  detailed  in  §  309. 

54.  Each  of  the  solutions  f  is  to  be  diluted  and  separately  tested  for 
sulphates,  phosphates,  and  chlorides. — §  309. 

55.  Make  some  crystals  of  common  salt 

a.  By  evaporating  a  solution  rapidly  to  dryness  on  a  glass 
slide. 

b.  By  allowing  the  solution  to  evaporate  slowly  until  crys- 
tals form,  when  a  thin  glass  cover  may  be  applied  and 
the  crystals  subjected  to  microscopical  examination. — 
§314,  pi.  XLII,  fig.  270. 

56.  Fill  one  of  the  little  bottles  with  capillary  orifices  with  acetic 
acid— §  307. 

57.  Examine  some  of  the  white  fibrous  tissue  {  under  a  quarter, 
before  and  after  the  addition  of  a  drop  of  acetic  acid.— §  297. 

58.  Ascertain  the  effect  of  a  solution  of  caastic  soda§  upon  the  cells 

on  the  slide. — §  301. 

59.  Describe  the  microscopical  characters  of  the  structures  upon  the 
glass  slide,||  and  sketch  roughly  their  most  important  characters. 

-^57. 

60.  What  is  the  nature  of  the  substances  forming  the  deposit  in  the 

glass  IT? 


•  Chalk. 

t  Sulphate  of  soda,  phosphates  of  lime,  and  ammonia  and  magnesia,  and 
common  salt  dissolved  in  water  to  which  a  few  drops  of  nitric  acid  have  been 
added. 

X  The  white  tendon  of  a  muscle  of  any  small  animal,  as  a  mouse,  &c. 

S  Cuticle. 

n  Eye  and  proboscis  of  a  common  fly. 

1[  Potato-starch,  blanket*hair,  portions  of  feathers. 
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The  foregoing  tables  contain  exercises  for  the  young  student  only, 
but  any  one  who  has  been  through  these  will  be  able  to  practice  dif- 
ferent branches  of  special  enquuy  not  included  in  them  if  he  refers  to 
the  different  parts  of  the  work  in  which  these  special  matters  are 
treated  of: 

On  staining  tissues,  see  §  196. 

On  collecting  and  dredging,  see  §  246. 

On  keeping  the  lower  animals  in  aquaria  and  vivaria,  see  §  247. 

On  examining  the  lower  animals  during  life,  see  §  248. 

On  demonstrating  the  contractility  of  muscle  and  ciliary  move- 
ment, see  §§  256,  257. 

On  demonstrating  vegetable  tissues  and  the  circulation  in  the 
cells  of  certain  plants,  see  §§  258,  259. 

On  the  movements  of  living  beings,  and  on  vital  movements,  see 
p.  168  to  p.  173. 

On  making  sections  of,  and  examining  rocks  and  crystals,  see 
§  265. 

Of  the  microscopic  structure  of  iron  and  steel,  see%  270. 

On  preparing  fossils  for  microscopical  examination,  see%  271. 

On  making  and  recording  microscopical  observations,  and  of  the 
fallacies  to  be  guarded  against,  see  §  273  to  §  278. 

On  spectrum  anal)rsis,  see  §  318  to  §  322. 

On  taking  photographs  of  microscopic  objects,  see  part  IV,  from 
p.  229  to  p.  280. 

On  using  the  highest  magnifying  powers,  j^5^  §  355  to  §  363. 

On  preparing  specimens  for  examination  under  the  highest  powers, 
see  p.  290. 

For  new  views  concerning  the  structure  and  mode  of  growth  of 
tissues,  see  p.  308. 

For  new  views  concerning  the  nature  of  life,  see  §  387. 

For  new  views  on  the  structure  and  action  of  a  nervous  appara- 
tus, see  §  389  to  §  392. 
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3S«                              APPARATUS  REQUIRED 

APPAR.\TUS    REQUIRED    IN 

MICROSCOPICAL 

INVESTIGATION. 

1. — TbF   ]Mlcro<FO|tF. 

NECESSARV. 

ADVANTAGEOUS. 

,. 

Microscopt  with  large  stage,  firm  tripod 

Lar^e     microscope    pro- 

\ided  with    moveable 

double  mirror,   and  arrangement  for 

stage     and     all     die 

inclining  body ;  generally  termed  the 

modern      improve- 

Student's Miavscope.—^  15,  pis.  II, 

ments. — S  16. 

III,  IV. 

The  student's  microKope  wilh  two  powers 

With  two  powers,    tfaii 

and  bull's-eye  condenser  tosis  from  five  to 

initmment      costs     from  m 

ten  guineas. 

to  10  piineas. 

a. 

Pocket  Clinical  or  Field  Microscope, 

Binocular    microscope.— 

in  case,  with  pipettes,  test  tubes,  &c. 
—J  10. 

S  17.  pl  VI. 

3- 

ObJtU-glassa. — i.   Tkeinch  magnifying 

Two-inch   objcct-^ass.— 

from  30  to  40  diamdtrsy  the  glasses 

§6- 

of  which  can  be  removed  one  by  one. 

Eighth  of  an  inch. 

so  that  lower  powers  can  be  obtained. 

Twtifth  o/an  inch. 

a.  The  qmrttr  of  an  inch  magnifying 

Twtttty-fifth. 

about  aoo  dianitters.     These  glasses 

should  dffine  wdl.  the  field  should  be 

ptrfectly  flat  and   free  from  coloured 

^m 

frit^es,  and  ihey  should  admit  a  suffi- 

^ 

cientamount  of  light— $  6,  pi.  I,  figs. 
7,8. 

k 

^^V" 

Diaphragm  plate. — ;i    14,    36,    pi.    1, 

Gillett's  achromatic  con- 

fig.9. 

demer. — S  38. 

^r    5 

BulPs-eye  condenser.—^  27,  pi.  XI,  figs. 

Polariscope.  —  {    23, 

51.  S^- 

pl.  XUI,  figs.  57,  58. 

^^H    ' 

Universal  ctmderucr. 

Spol^ass.-^zi.^\.:^l\. 

lb 

J 
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For  Artificial  Illumination^ 

NECESSARY.  ADVANTAGEOUS . 

7.  Small  paraffin  lamp. —  §  25,  pi.    XI,     Smith  and  Beck's  cam- 
fig.  47.  phine   lamp,  or  Mr. 

Highle/s  gas    lamp. 
§  26,  pL  XI,  fig.  49. 
Bockett  Lamp.   PL  XI, 

fig.  48. 
III.— Apparatus  f6r  DrawlBK  Objects. 

8.  Neutral  tint  glass  reflector,  —  §  44, 
pL  XIII,  fig.  60. 

9.  Common  hard  pencils,  steel  pens,  In- 
dian ink,  fine  Bristol  board,  smooth 
white  paper. 

IT. — Apparatus  for  HeasurlnK  Ol^ccts  and  for  Ascertaining  tlie 
HaffnUyinff  Power  of  the  Olitlect-Glasses. — §§  58  to  66. 

10.  Stage  micrometers  ^vA^t,^  \ViX.o  looths      Nobert's    lines,     which 

and  i,oooths  of  an  English  inch. —         may  be  used  also  as 
§  60.  test  objects, — §  61. 

Neutral  tint  glass  reflector, — §44,  Maltwood's    finder,    or 

pL  XIII,  fig.  60.  the  arrangement   de- 

scribed in  p.  42. 

T. — ^Instruments  and  Apparatus  for  Ctoneral  Purposes. 

11.  Wire  retort  stand,--^  70,  pi   XIV,      Water    bath,  —  S    73, 
fig.  69.  pL  XIV,  figs.  73,  74. 

12.  TYipod  wire  stands, — §  71,  pi.  XIV, 
figs.  71,  72. 

13.  Spirit  lamp, — §  69,  pi.  XIV,  fig.  70. 

14.  Evaporating  basins, 

15.  Watch  glasses,'^  85. 

16.  Thin  glass, — §84. 

17.  Plate-glass  slides, — §  83. 

TI.— Instruments  for  HakluK  IMssectlons  and  tbr  Cutting  Tliln 

Sections  of  Soft  Tissues. 

18.  Common  scalps, — §  74.  Valentin's  knife — §   77, 
1 8a.  DoubU-edged  scalpel,^  75,  pi.  XIV,         pi  XV,  figs.  78,  79. 

fig.  75.  Spring  scissars,—  %  79, 

pi  XV,  fig.  84. 
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APPARATUS  REQUIRED 


NECESSARY. 

1 9.  Scissars.  —Ordinary  form  and  two  small 

pair,  one  with  curved  blades. — §  79, 

pi  XV,  figs.  82,  83. 
30.  NudUs  mounted  in  handles. — §  80, 

fig.  80. 
2oa.  Needles  flattened  near  the  points. — 

§80. 

2 1 .  Forceps, — One  pair  of  ordinary  dissect- 

ing forceps,  and  one  pair  with  curved 
blades.--§  81,  pi.  XV,  figs.  85,  86. 

For  Dissecting  under 

22.  Glass  dishes  of  various  sizes  firom  an 
inch  to  two  inches  in  depth. — §  144. 

23.  Loaded    corks.  —  §    145,    pL    XXI, 

fig'  134. 

24.  Fine  pins  and  thin  silver  wire. 

25.  Tablets  of  wax  and  gutta  percha. — 
§  146- 

For  Cutting  Thin  Sections  of 

26.  Saw  with  fine  teeth,  for  cutting  thin 
sections  of  bone. — §  152,  pi.  XXI, 
fig.  138. 

27.  Hones  for  grinding  the  sections  thin- 

ner and  polishing  them. — §  152. 

28.  Strong  knife  for  cutting  thin  sections 
of  horn,  &c. — §  155,  pi.  XV,  fig.  81. 

TII. — Cement. 

29.  Brunswick  blacky  containing  a  few 
drops  of  a  solution  of  India-rubber 
in  coal  naphtha.  ^§  91. 

2^,  BelPs  cement, ^^  90. 

30.  Marine  glue, — §  92. 

31.  Gum  water,^  §  gj . 

32.  Gum  thickened  with  j/orr^  or  whiting. 

-^  97.  .  ^ 

^^,  French  cement y  composed  of  lime  and 

India-rubber. — §  98. 

34.  Spirit  and  water, — §  99. 

35.  Glycerine. — §  100. 


ADVANTAGEOUS. 


Compressorium. — §  149, 
pL  XXI,  figs.  135, 
136. 


Water. 

Large  built s-eye  condenser^ 
for  condensing  a 
strong  light  upon  the 
object.  —  §  145, 
pi.  XXI,  fig.  133. 


Hard  Tissues. 

Section  cutter  for  cutting 
thin  sections  of  wood 
— §    156,    pL     XXI, 

fig-  137- 


Gold  size.^-\  87. 
Solution  of    s?uU'4a€. — 

§89. 


Gelatine   and  giycerine, 
— §  106. 
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▼III. — PretermtlTe  Floltfs. 

NECESSARY.  ADVANTAGEOUS. 

36.  Solution  of  naphtha  and  creosote. —  Gum  and  glycerine. — 
§  102.  §  107. 

37.  Chromic  acid. — §  104. 

38.  Turpentine. 

39.  Canada  balsam. — §  94. 

IX. — ^Apparatus  Beqidred  for  Haklns  C^cUi  and  ftir  CnttUMT  uid 

Oiindlnv  Olast. 

40.  Brctss  plate  for  heating  slides  to  which  Shculbolfs  apparatus. — 
marine  glue  is  to  be  applied.— §  72,  §  116,  pi.  XVI,  fig. 
pi.  XIV,  fig.  68.  91. 

Cements  before  enumerated. — §§  87 
to  98. 

41.  5/va// ^TMxA  made  of  bristles. 

42.  7t»^i/ of  different  degrees  of  thickness. 
— §  118. 

43.  Writing  diamond. — §  119,  pi.  XVI,  Brcus  rin^s  for  cutting 
fig.  94.  circles  of  thin  glass. — 

44.  Glazier's  diamond. — §  119,  pi.  XVI,  §  119,  pi.  XVI,  fig.  95. 
fig.  92.  •  Wooden  forceps  for  hold- 

45.  Flat  stone  ox  pewter  plate  for  grinding  ing  glass  slides. — §  82. 
glass. — §  120. 

46.  Emery  powder. 

47.  Old  knife  and  small  chisel  for  cleaning 
oflf  superfluous  glue. — §  123,  pi.  XVI, 

fig-  93- 

48.  Solution  ofpotctsh  (liquor  potassae). 

49.  Sections  of  glass  tubes  and  of  thick  Shallow  concaveglass  cells. 
square  vessels,  of  various  sizes,  for  Moulded  glass  cells,  — 
making  cells  for  the  preservation  of        §  130. 

injections. —  §  127,  pi.  XVII,  figs, 
loi  to  105. 

X. — ^Apparatiu  for  PreMrrlav  OlUecto  In  Air,  Flnld,  and  Canada 


50.  Cells  of  various  sizes,  before  enume-  Apparatus  for  pressing 
rated. — §  126,  pi.  XVII,  fig.  loo.  down  the  thin  glass 
Bhinswick  black.  cover  while  the  ce- 
Gum  thickened  with  whiting. — §  97.  ment     is    drying.  — 

5 1.  Thin  glass  cut  of  the  requisite  size.  §  96,  pi.  XX,  fig.  1 28. 


360  APPARATUS  REQUIRED 

NECESSARY.  ADVANTAGEOUS. 

^\a.  Preservative  solutions. — §§99  to  113.  Live  cells  for    keeping 

52.  Watch  glasses  to  soak  sections  in  the  bodies  alive, 
preservative  fluids. — §  85. 

53.  Glass  shades  to  protect  recently  Bdl  jar  with  vessel 
mounted  preparations  from  dust —  for  sulphuric  add.-^ 
§  86,  pi.  XVI,  fig.  87.  PL  XX,  fig.  131. 

54.  Brass  plate,— %  72,  pi.  XIV,  fig.  68.  *  Air-pump  to  remove  ait 

Canada  balsam. — §  94.  bubbles  from  the  iiw 

Needles  to  remove  air  bubbles.  terstices  of  a  tissue.— f 

§143,  pi.  XX,  fig.  129, 


ZI.'— Appamtm  Beqiilred  Iter  the  SepamtloB  of  Deposits 
FloldJi  and  f6r  their  Preaerratloii. 

55.  Conical  passes, — §  157,  pi.  XXII,  fig.      GUiss  troughs  for   Zoo* 

141.  phytes. — §  248. 

56.  Pipettes. — §  158,  pi.  XXII,  fig.  140. 

57.  Wash-bottle.— \  163,  pi.  XXII,  fig. 

143- 

58.  Cells  for  examining  infusoria. — ^p.  66, 

pi.  XVIII,  fig.  112,  pi.  VII,  fig.  28. 

59.  Animalcule  cage. — §  134,  pi.  XVIII, 
fig.  112,  pi.  VII,  fig.  28. 

.  XII. — Instmnieiiti  and  Apparatni  Beqnlred  for  HalilBv 

imecUom. 

60.  Infecting  syringe^  holding  from  half  an 
ounce  to  an  ounce. — §  165,  pi.  XXIII, 

fig.  151- 

61.  Pipes  of  various    sizes. — §   165,  pi. 

XXIII,  figs.  156,  157. 
6».  Corks  for  stopping  the  pipes. — §  165,      Stop  cocks,--^    165,  pL 
pi.  XXIII,  fig.  150.  XXIII,  fig.  155, 

63.  Needle  for  passing  the  thread  round 
the  vessel. — §  165,  pi.  XXIII,  fig. 

158. 

64.  Thread  of  different  degrees  of  thick- 

ness. 
64/r.  BuU's-nose  forceps  for  stopping  vessels. 
-^  165,  pi.  XXIII,  fig.  149. 
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For  Making  Opaque  Injections, 


ADVANTAGEOUS. 

Injecting  can,  made  of 
copper. — §  166,  pi. 
XXIII,  fig.  152. 


NECESSARY. 

65.  Siu  OX  gelatine, — §  167. 

66.  Vermilion,'^  169. 

67.  BichromcUe  of  potash  and  acetate  of  lead 

for  making  solutions  for  precipitating 
y€ilo9f  chromate  of  lead.— ^  1*10. 

68.  Carbonate  of  soda  and  acetate  of  lead 
for  making  solutions  for  precipitating 
carbonate  of  lead,--^  171. 

For  Making  Transparent  Injections. 

6^.  Ferrocyanide  of  potassium.   ^*Muriated     Carmine, — §180. 
tincture  of  iron^    Glycerine  and  Spirits 
of  wine  ior  preparing  the  Prussian  blue 
injecting flmd.-—^  178. 

XIII. — Of  Statnliiff  ntraes. 

70.  Carmine  fluid  for  colouring  the  ger- 
minal matter  of  tissues.—- §  199. 

Ziy.^^Chemlesl  Analysis  In  Hleroscoplenl  Inrestlsntlon. 

71.  Platinum  foil.  SmallplcUinum  capsule, 

72.  Test  tubes  and  rack. — PL  XLV,fig.  282. 

73.  SmcUl  tubes  about  an  inch  or  an  inch 
and  a  half  in  length. 

74.  Stirring  rods. 

75.  Evaporating  basins. — PL  XIV,  fig.  73. 

Watch  glasses. — §  85. 

76.  SmcUl  glass  bottles  with  capillary  orifices. 
— §  307»  pl-  XLV,  figs.  278,  280,  281. 

77.  Wire  triangles,  tripods. — §  7 1,  pL  XIV, 
figs.  71,  72. 

78.  Small  retort  stand.^^  70,   pL  XIV, 

fig.  69. 

Bensents  :— 

79.  Akohol.^^  289. 

80.  Ether.     Chloroform. — §  290. 

81.  Nitric  acid, — §  292. 

82.  Sulphuric  acid. — §  293. 

83.  Acetic  acid. — §  295. 


Smcdl flcuks. 
Platinum  wire. 
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84.  Hydrochloric  acid. — §  294. 

85.  Ammonia,^^%  300. 

86.  Solution  of  potash.--^  298. 

87.  Solution  ofsodcL — §  299. 

88.  Nitrate  of  silver. — §  303. 

89.  Nitrate  of  barytes, — §302. 

90.  OxcUate  of  ammonia. — §  304. 

91.  Iodine  solution,^  ^0$, 

92.  Test  papers. 

XV.— Cabinet  f6r  PrMerrlav  Mlero«cople«l 

93.  Drawers  arranged  so  that  the  specimens 
may  ht  perfectly  flat. — §  274. 

94.  Boxes  with  trays  for  containing  speci- 

mens, p.  274. 
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John  Churchill  and  Sons.    1868. 
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Zoology,  by  Van  der  Hoeven,  translated  by  Rev.  W.  Clarke. 
Of  value  for  classification  and  the  description  of  typical  forms. 
Comparative  Anatomy  of  Vertebrata,  by  Owen.     1866. 


NATURAL  HISTORY,  ETC.  365 

Odontography,  by  Owen.    Two  vols.  1845. 

On  the  Skeleton,  by  Owen.     1848. 

Animal  Kingdom,  by  Rymer  Jones.    1855. 

The  Animal  Creation,  by  Rymer  Jones,  1865.  Society  for  Pro- 
moting Christian  Knowledge. 

Natural  History  of  the  European  Seas,  by  Edward  Forbes.  1859. 

Chart  of  the  distribution  of  Marine  Life,  by  Edward  Forbes.  One 
of  the  maps  in  Keith  Johnston's  Physical  Atlas,  but  sold  separately. 

British  Reptiles.    Bell,  Thos.     1839. 

British  Fishes.     Yarrel,  Wm.     Two  vols,     1836. 

MoUusca,  by  Woodward,  S.  P.     1856. 

Nudibranchiate  Mollusca,  by  Alder  and  Hancock.     1854. 

Medusae,  by  Edward  Forbes.     Pub.  by  Roy.  Society. 

Oceanic  Hydrozoa,  by  Huxley.     1859. 

Actinologia  Britannica,  by  Gosse,  P.  H.    London,  i860. 

British  Zoophytes,  by  Johnston,  Geo.    1838. 

British  Starfishes  and  Echinodermata,  by  Edward  Forbes.    1841. 

Cirripedia.     Darwin,  Chas.     1854. 

British  Crustacea.     Bell,  Thos.    1853. 

Entomostraca.     Baird,  W.,  M.D.     1850. 

Spiders.     Blackwell,  John.    1861. 

Introduction  to  Entomology.    Westwood.    Two  vols.     i860. 

On  Parasites.     Denny,  Henry.     1842. 

Entozoa.     Cobbold,  S.     1864. 

A  Manual  of  the  Sub-kingdom  Protozoa.  J.  R.  Greene,  RA. 
Longman,  1863. 

Ccelenterata.    J.  R  Greene,  B.A.     Longman,  1863. 

On  Sponges,  by  Bowerbank  and  Johnston.     1864. 

On  Foraminifera.    Williamson  and  Carpenter.     1862. 

WORKS  ON   COLLECTING. — ^THE  AQUARIUM,   ETC. 

The  Collector's  Handy-book  of  algae,  diatoms,  desmids,  fungi, 
lichens,  mosses,  &c  Translated  and  edited  by  the  Revd.  W.  W. 
Spicer,  M.A.    Robert  Hardwicke. 

Manual  of  British  Marine  Zoology.  Gosse.  Two  volumes,  with 
678  illustrations.    A  most  useful  epitome. 

The  Aquarium.     Gosse. 

Devonshire  Coast     Gosse. 

Tenby,  P.  H.  Gosse.    Land  and  Sea.    Gosse.    Nisbet  and  Co. 

Seaside  Book.     Harvey. 

Seaside  Studies.    G.  H.  Lewes. 

Marvels  of  Pond  Life.    H.  J.  SlacL    Groombridge  and  Sons. 


366  WORKS  ON  THE  MICROSCOPE, 

Butterfly  Vivarium.     Noel  Humphreys.  

The  Common  Objects  of  the  Microscope,  The  Rev.  J.  G.  Wood. 

Routledge  and  Co. 

The  Common  Objects  of  the  Country.    The  Rev.  J,  G.  Wood. 
Routledge  and  Co.  ~ 

The  Common  Objects  of  the  Sea  Shore.     The  Rev.  J.  G.  W 
Routledge  and  Co. 

The  Aquarium,  of  Marine  and  Freshwater  Animals  and  PI 
G.  B.  Sowerby,  F.R.S.     Routledge  and  Co. 


Vo^^l 


,    DE5MrDI£,    D1AT0MACE.5;,    SiC. 

Botany,  by  Prof.  Balfour,    Edinburgh. 

Botany,  by  Prof.  Beniley.     Churchill  and  Sons. 

A  History  of  Infusoria,  including  the  Desmidix  and  Diatomact 
by  .Andrew  Pritchard.    Fourth  edition.    Whittaker. 

Botanical  Microscopy,  by  Schacht.     Translated  by  Currie. 

Desmidiffi.     Ralphs.  British  Diatomacese.    Smith. 

British  Freshwater  Algae.    Hassall. 

British  Marine  Algre.     Han-ey. 

British  Seaweeds.  With  Notices  on  some  of  the  Freshwater 
The  Rev.  D.  Landsborough.     Routledge  and  Co. 

Microscopic  Fungi.    Cooke.      Cryptogamiae.    Hoftneister. 

British  Mosses.     ^Vilson.  British  Lichens.    Landers. 

British  Ferns.     Newman. 

Observations  on  Fossil  Vegetables.    Lond.  and  Edinb.     iS^ti 

The  Internal  Structure  of  Fossil  Vegetables.      Witthara.  H< 
Lond.  and  Edinb.     1833. 

WORKS  AND  MEMOIRS   ON   PHOTOGRAPHV  AS   APPLIED  TO 
THE   «IC»OSCOPE. 

Trans.  Mic.  Soc  Lond.,  in  Quart  Jour.  Mic  Science,  Ap.  tSd 
Papers  by  Delves.  Shadbolt,  Highley. 

Ditto,  July,  1853.     Binocular  Vision.     Wheatstone. 

Ditto,  Oct.  1853.     Ditto,     Wenham. 

Quart  Joum.  M.  S.,  No.  %-ii,  1854,  p.  aoi.     Developing  Solutll 
and  Artificial  Light     G.  B. 

Ditto,  No.  viii,  p.  190.     Match  Photographs.     Riddell. 

Quart.  Joum.,  M.  S.,  No.  x,  Jan,  1865  (Trans.  Mic  Soc  Loi 
Photographs  of  Mic  Objects.     Wenham, 

Encyclopfcdia  Britannica.     An.  Microscope,  1857.     Brewster, 

Liverp.  and  Manch.  Phot  Joum.  1858,  No.  15.     Delineation  of 
Mic  Objects.     Traer. 

The  Photographic  Joum.,    No.  87,  Feb.    i,    1859. 
Mic.  Objects— Artificial  Light.     Legg. 


elineatifl^^l 


NATURAL  HISTORY,  ETC. 

The  Brit  Joum.  Photo.,  No.  15,  Nov,  1861.  Practical  Applica- 
lion  of  Photography  10  the  Microscope,     Rood,  N,  Y. 

Ditto,  No,  160,  Feb.  15,  i86i.     Photomicrography.     Parry. 

Ditto,  No.  163,  Ap.  t,  i86z.     Microscopic  Photography.     Neyt. 

Photographic  Times,  Ap.  15,  1862.  Neyt  The  Brit.  Joum. 
Photo.,  No.  165,  May  1,  i86a,     On  Phototnicrography.     Bockett 

Quart  Joum.  Mia  Science  (Oct  1861).  Microscopic  Stereo- 
graphy. Smith.  Die  Photographic  als  Hulfsra.  mikrosk.  Fors, 
J.  Gerlach,  1863,  Atlas  der  allgem.  Thier.  Geweb.  nach  d.  Nat 
Photo.  Hessling  und  Kollmann.  Ditto,  Jan.  1863.  On  the  Photo- 
graphic Delineation  of  Microscopic  Objects.     Maddox. 

The  Brit  Joum.  Photogr.,  No.  175,  Oct  i,  t&6i.  Delineation 
Mic.  Objects  by  Photography.  Maddox.  Ditto,  No.  i8a,  Jan.  15, 
1863.  Photomicrography  applied  to  Educational  purposes. 
Highley.  Ditto,  No.  183,  Feb.  2,  1863.  Ditto.  Ditto,  No.  185, 
Mar.  a,  1863.  Ditto.  Ditto,  No.  187,  Ap.  1,  1863.  Ditto.  Ditto, 
No.  197,  September  i,  1863.  Photomicrographic  Camera.  Eden. 
Highley.  Ditto,  No.  113,  May  a,  1864.  Photomicrography, 
Weightman.  Ditto,  No.  ii6,  July  i,  1864,  Magnesium  Light 
applied  to  Photomicrography.  Maddox, 

Quart.  Joum.  Mic.  Science,  1863  and  1864.  Photographs  of 
Mic.  Objects  by  Polar.  Light     Thos.  Davies. 

Photography,  Orr's  Circle  of  the  Sciences,  by  Sparling,  and 
Lond,,  Ed.,  and  Dub.  Philos.  Mag.,  June,  1863.  Kingsle^s  Arrange- 
ment for  Ox.  Hy.  Gas  Camera  Lantern. 

A  review  in  the  Med.  Chir.  Review,  July  r,  1864. 

The  Photographic  Joum.,  No.  152,  Dec.  13, 1864.  Photomicro- 
graphy. Maddox.  Quart  Joum.  Microscopical  Science,  No.  XX. 
Mar.,  1865.  Photomicrography,  its  application  and  results.  Maddox. 

Quart.  Joum.  Microscopical  Science,  July,  1865.  Monochro- 
matic Illumination.     Count  Castracane. 

Ditto.  Correspondence,  July,  1866.  Photomicrography  with 
high  powers.     Dr.  J.  J.  Woodward,  Washington,  U.  S, 

Brit.  Joum.  Photog.,  Aug.  4,  1865.  Beckett's  Photomicrography 
with  a  landscape  lens. 

La  Photographic  appliqu^e  aux  recherches  Micrographiques.  Par 
A.  Moitessier,  M.D.     Paris,  1866.     Ballifirc  et  Fils. 

Dr.  Wilson's  Photomicrography,  Popular  Science  Review,  Nov.  22, 
1866. 

The  Philidelphia  Photographer,  No,  a,  1866;  Photomicro- 
graphy.   Dr.  J.  J.  Woodward. 

Microscopic  Photography,  Brit  Joum.  Photography,  Feb.  i,  1867, 
The  Rev.  St  Vincent  Beechy. 


368  WORKS  ON  THE  MICROSCOPE,  ETC. 

Rougefs  Memoir  at  the  Acad,  des  Sciences,  on  the  Photographs 
of  Microscopic  appearances  of  various  tissues — some  as  stereographs. 
1867. 

Brit.  Ass.  Sect  D.  S.  Highley  on  the  application  of  Photography 
and  the  magic  lantern,  to  Microscopic  and  Natural  History.  Class 
demonstrations. 

JOURNALS,   PERIODICALS. 

Quarterly  Journal  of  Science,  edited  by  J.  Samuelson  and  W. 
Crookes,  F.R.S.    John  Churchill  and  Sons. 

Quarterly  Journal  of  Microscopical  Science,  edited  by  Dr.  Lan- 
kester,  F.R.S.,  and  George  Busk,  F.R.S.    John  Churchill  and  Sons. 

Popular  Science  Review,  edited  by  Prof.  Henry  Lawson,  M.D. 
Hardwicke. 

Archives  of  Medicine,  edited  by  Dr.  Lionel  Beale,  F.R-S.  John 
Churchill  and  Sons. 

Intellectual  Observer.     Monthly.     Groombridge  and  Sons. 

Science  Gossip.     Monthly,  4^/.    Hardwicke. 

Land  and  Water.    Edited  by  F.  Buckland.    Weekly. 

The  Naturalists'  Note  Book.    Monthly,  4^/. 

FOREIGN   BOOKS. 

Das  Mikroskop.  P.  Harting  and  Dr.  F.  W.  Theile.  View^  and 
Sohn.     1867. 

Das  Mikroskop  und  die  Mikroskopische  Tecknik.  Dr.  Heinrich 
Frey.     1863. 

Das  Mikroskop,  Theorie  und  Anwendung  desselben.  Carl  Nageli 
und  S.  Schwendener. 

Einleitung  in  die  Technische  Mikroskopie.  Julius  Wiesner.  1867. 

Das  Mikroskop.     Paul  Reinsch.     Numberg.     1867. 

Das  Mikroskop  und  seine  Anwendung.  Dr.  Leopold  Dippel. 
Braunschweig.     1867. 

Beitrage  zur  Neuem  Mikroskopie.    Fried.  Reinicke.     1862. 

Gewebelehre.    Gerlach. 

Lehrbuch  der  Histologie.     Leydig. 

Du  Microscope  et  des  Injections.     Robin.     1849. 

Observateur  au  Microscope.     Dujardin.     1842. 

Max.  Schultze's  Archiv.    Bonn. 

KoUiker  und  Siebold.    Zeitschrift 

Reichert  und  Du  Bois-Reymond  Archiv. 


INDEX. 


Abercrombie,  Dr.,  his  mode  of  illumi- 
nation for  photographing  microscopic 
objects,  247 

Aberration,  spherical  and  chromatic,  6 

Absorption  bands,  measuring  the  posi- 
tion of,  225 

„  „        varieties  of,  in  spec- 

trum analysis,  221 

Acari,  examination  x>f,  155 

Acetic  acid,  203 
„        „     syrup,  296 

Acid  carmine  injecting  fluid,  95 
„     chromic,  57 
„         „        in  glycerine,  297 

Acids,  effects  of,  on  organic  structures, 
203 

„  and  corrosive  fluids,  microscope 
for  examining  substances  immersed 
in,  201 

Action  of  cells,  320 
„       of  the  heart,  135 

Adipose  tissue,  119 

Adjustments  for  altering  the  focus,  8 

Advantages  of  using  transparent  injec- 
tions, 90 

Air  bubbles,  microscopical  appearance 
of,  70 

Air  cells  of  lung,  epithelium  in,  136 

Alcohol,  202 

,,        and  ether,  effects  of,  202 

Alkalies,  effects  of,  on  organic  structures, 
205 

Altering  power  of  cells,  311 

Alum,  preservative  solution,  58 

Amoebae,  170 

„        movements  of,  313,  325 

Ammonia,  phosphate,  testing  for,  210 

Anacharis,  circulation  in  the  cells  of,  165 

Analyser  and  polariser,  18 

Analysis,  chemical,  in  microscopical 
investigations,  197 

,,        microscopical,   new  method, 
211 

Anatomical  peculiarities  of  tissues,  of  de- 
monstrating, 116 

Anchusa  paniculata,  circulation  in  the 
cells  of,  165 

Angle  of  aperture,  7 

Anilin  colours  for  string  tissues,  1 10 

Animalcule  cage,  66 

Animal  substances,  separating  crystals 
from,  213 


Annular  reflector,  21 

Aperture,  angle  of,  7 

Apology  for  the  use  of  very  high  magni- 
fying powers,  280 

Apparatus,  chemical,  necessary  for  mi- 
croscopical observer,  201 

„  necessary  with    a    student's 

microscope,  17 

„  necessary  list  of,  356 

Appendix,  340 

Aquaria,  151 

Areolar  tissue,  118 

„  „       submucous    examination 

of,  131 

Arsenious  acid,   solution  for  preserving 

in»  59 

Arseniuretted  hydrogen  gas  for  preser- 
ving; animal  substances,  59 

Artenes,  examination  of,  126 

Artificial  and  natural  injections,  87 
*  ,,        illumination,  19 

Artists,  363 

Ascertaining  the  diameter  of  objects,  38 
,,        ,,         magnifying    power    of 
object  glasses,  37 


Bailey,  Mr.  J.  W.,  his  universal  indi- 
cator for  registering  the  position  of 
various  objects  on  a  slide,  42 

Baker,  Mr.,  his  travelling  microscope. 

Barker,  Dr.  John,  his  growing  stage, 

67 
Barytes,  nitrate  of,  206 

Basement  membrane  of  kidney,  142 

Beginners,  first  steps  in  the  examination 
of  objects  in  the  microscope,  71 

Beck,  Mr.,  his  parabolic  reflector,  21 

Bell's  cement,  48 

Bibliography,  364 

Bichromate  of  potash,  glycerine  solution 
of,  297 

Binocular  microscope,  Mr.  Collins's,   1 1 
,,  „  Messrs.  Powell  & 

Ljcaland's,  12 

„  „  Mr.    Tolles*    ar- 

rangement, 12 

, ,  , ,  Mr.  Wenham's  ar- 

rangement, II 

Black  paper  placed  behind  transparent 
specimens  examined  by  reflected  light, 
21 
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Bloody  circulation  of,  134 

„      corpuscles,  examination  of,  133 
,,      spectrum  of,  222 

Blowpipe  beads,  examination,  in  the 
spectrum  microscope,  223 

Blue  colours  for  staimng  tissues,  III 
„    injecting  fluid,  TumbulPs,  94 
,,         „  „      advantages  of  em- 

ploying, 92 
„    Prussian,  new  form  of,  97 

Body  of  the  microscope,  9 

Bone,  dry,  of  making  thin  sections,  82 
,,     examination  of,  121 

Books,  lists  of,  364 

Boracic  acid,  its  use  in  preparing  speci- 
mens, 340 

Bottles,  dropping,  for  dycerine,  301 
„      test,  with  capillary  orifices,  209 

Brain,  examination  of,  143 

Branched  muscular  fibre,  123 

Branchiae  of  mollusca,  159 

Bridgman,  Mr.  ,  his  instrument  for  draw- 
ing circles  upon  the  thin  glass  cover  of 
a  specimen,  41 

Brooke,  Mr.,  his  mode  of  perforating 
thin  glass,  63 

Browning,  Mr.,  spectrum  eye  piece, 
219 

„  „        of  albumi- 

nous fluid,  341 

Brucke,  Prof.,  on  the  use  of  boracic 
acid,  340 

Brunswick  black  cement,  48 

„  „     cells  made  of,  60 

Brass  plate  for  heating  upon,  43 

Built  glass  cells,  64 

BulPs  eye  condenser,  21 

Burnet's  solution,  58 

Cabinet,  keeping  preparations  in,  186 
Camera  for  taking  photographs  of  micro- 
scopic objects,  235 
,,      applied  to  the  microscope,  241 
,,      lucida,  27 
Camphine  lamp,  20 
Canada  balsam,  50 

,,  ,,         alteration    of  delicate 

tissues  in,  105 

,,  „        of  examining  specimens 

in,  76 
Cans  for  holding  injection,  88 
Capillaries,  examination  of,  126 
Capillary  orifice,  test  bottles  with,  209 
Carbonate  of  lead,  89 

, ,  lime,  appearances,  examined 

in  different  media,  69 

„  „       testing  for,  210 

Carmine  fluid  for  staining  germinal  matter 
of  tissues,  108 

injecting  fluid,  94 

„  „     Dr.  Carter's,  96 

,,  ,,     Thiersch's,  110 

Carter,  Dr.,  carmine  injection,  96 
Cartilage,  120 
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Castracane,  Count,  on  microscopical 

photography,  23 
Cavities  of  crystals,  177 
Cells,  311 
„     action  of,  320 
„     Brunswick  black,  60 
,,     built  glass,  64 
contents,  317    • 
deep  glass,  63 
false,  319 
growing,  66 

gutta-percha  and  ebonite,  65 
marine  glue,  61 
moulded  glass,  65 
of  plants,  circulation  in,  165 
paper  for  dry  objects,  60 
shell-lac,  60 
„     thin  ^lass,  62 
„     tin  foil,  60 
„     wall,  318 
Cement  for  attaching  gutta-percha  and 
India-rubber  to  gU^  49 
,,      French,  for  mounting  large  pre- 
parations, 52 
Cementing  elass  together,  62 
Cements,  48 

Centres,  new,  of  living  matter,  317 
Chance,    Messrs.,    manufacturers   of 

thinnest  glass,  286 
Chara,  circulation  in  the  cells  of,  165 
Chemical  analysis  in  microscopical  in- 
vestigations, 197 

apparatus  in  microscopical  ob- 
servations, 201 

„        solutions,hardeningpn>perties, 
216 
Chloride  of  calcium,  preservative  solu- 
tion, 58 

,,  gold  for  colouring  nerves 

"3 

„  zinc  preservative  solution. 

Chlorides,  testing  for,  210 

Chromate  of  lead,  89 

Chromatic  aberration,  6 

Chromic  acid,  solution  of,  in  glycerine, 

297 
Colouring  matter  for  opaque  injection,  89 
,,  ,,         transparent  injection. 

Colours,  injecting  different  opaque  into 

different  systems  of  vessels,  90 
Common  salt  preservative  solution,  58 
Compound  microscope,  4 
Compressorium,  81 
Condenser,  achromatic,  24 
bull's  eye,  21 
Gillett's,  24 
Webster,  25 
Concave  metallic  reflector,  21 
Conical  glasses,  84 
Contractility  of  muscle,  160 
Conversion  of  germinal  matter  into  formed 
material,  313 
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Conversion  of  standards  of  measurement, 

39 
Cook,   Mr.  C.  W.,  his  micrograpnic 

camera,  28 

Cord,  spinal,  examination  of,  144 

Corks,  loaded,  79 

Cornea,  terminal  plexuses  of  nerves  in, 
128 

Correcting  object  glasses,  6 

„  „  „      Mr.  Wenliam*s 

improvement,  8 

Creosote  and  naphtha  preservative  solu- 
tion, 56 

Crystallisation,  influence  of  various  con- 
stituents upon,  212 

„  spiral,  214 

Chromic  acid,  203 

Chyle,  movements  of,  133 

Ciliary  movement,  161 

Ciliated  epithelium,  161 

Circle,  Mr.  Bridgman's  instrument  for 
marking  upon  the  thin  glass  cover,  for 
the  purpose  of  marking  the  position  of 
an  object,  41 

Circulation  in  the  cells  of  certain  plants, 

16s 

„         of  the  blood,  134 

Clarke,  Mr.  J.  Lockhart,  his  method 
of  preparing  the  spinal  cord  and  brain, 
144 

Class  microscope,  14 

Cleaning  off  superfluous  glue,  when  cell- 
making,  62 

Clinical  microscope,  14 

Coal,  preparing  for  microscopical  ex- 
amination, 185 

Cobweb  micrometer,  35 

CoHNHEiM,  Prof.,  his  mode  of  colour- 
ing nerves,  113 

Collecting  and  dredging,  146 

Collins,  Mr.,  his  binocular  microscope, 
II 

„        Bockett  lamp,  20 
„        new  graduating  dia- 
phragm, 10 

Colouring  nerve  fibres,  solution  of  chlo- 
ride of  gold  for,  113 
„        germinal   matter    of  tissues, 

157 
„        matter,  size  of  the  particles 

used  for  injections,  90 
Crystals,  anatomy  of,  174 

„       examination  of,  under  the  micro- 
scope, 215 

cavities  in,  177 
formation  of,  211 
making  sections  of,  179 
obtaining,  for  examination,  213 
of  one  mineral  enclosed  in  an- 
other, 177 

„       preservation  of,  as  permanent 
objects,  215 

„       separation  of,  from  animal  sub- 
stances, 213 
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Cutting  and  grinding  glass,  61 

, ,      sections  of  tissue  under  the  micro* 
scope,  80  • 


Dancer,  Mr.,  his  speculum  illuminator 

for  opaque  objects,  22 
Dark  bordered  nerve  fibres,  examination 

of,  127 

,,    ground  illumination,  22 
Deep  glass  cells,  63 
Delineating  objects,  26 
Demodex  toUiculorum,  155 
Demonstrating  anatomical  peculiarities 

of  tissues,  176 

„  microscopes,  octagon  and 

square  boxes  for  mounting  several  in, 

„  minutestructurebyhighest 

powers,  291 
Deposit,  examination  of,  86 

„        removing  with  the  pipette,  8? 
„        separating  the  coarse  from  the 
finer  particles,  85 

„        „    when  very  small  in  quan- 
tity, 85 
Diameter  of  objects,  of  ascertammg,  38 
Diaphragm,  9,  24 

„  Mr.  Collins's  graduating,  10 

„  Mr.  Kincaid's  mode  of  al- 

tering the  aperture,  9 
Diatoms,  collecting  and  mounting,  167 
Disk,  steel,  27 

Dissecting  binocular  microscope,  17 
,,        microscope,  13 
„        tissues  under  the  microscope 
with  the  aid  of  the  compressorium,  81 
Dissections,  minute,  of  making,  78 
Distilled  water,  201 
Distribution  of  nerves  to  skin  of  the 

mouse's  ear,  128 
Double  bladed  or  Valentin's  knife,  45 

„        edged  scalpels,  44 
Drag  hook  for  sea  collecting,  149 
Draughtsmen,  363 

Draw,  importance  of  being  able  to,  26 
Drawing,    apparatus    and    instruments 

for,  363 
„        objects  magnified  by  highest 

powers,  288 

„        on  stone,  30 

„        pencils,  29 
Drawings  microscopical,  importance  of 
appending  scales  of  measurement  to,  34 

, ,  , ,       of  obtaining  lithographs 

of,  29 
„  „      making  which  it  is  in- 

tended should  be  engraved,  28 

Drilling  holes  in  glass,  6 1 

Dropping  bottles,  301 

Diy  bone,  of  making  thin  sections,  82 

Drying  and  evaporating,  200 

Dry  tissues,  of  cutting  thin  sections,  82 

Dry  way,  permanently  preserving  speci- 
mens in  the,  75 
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Ebonite,  cells  made  of,  65 

Edwards,  M.  Milne,  bU  plan  of  in- 

jecting  the  snail,  103 
Enects  of  acids  on  organic  slmcturei,  203 
„        alcohol  and  ether    „  Z02 

E^cipsaleoIiasects,inarkingsupon,  15S 
Embiyonic  tissues,  preparation  of,  307 
Engiavers  on  wood,  363 
£ngnvii^  of  making  drawings  for,  iS 

on  stone.  30 
Epithelium,  ciliated,  161 

„  examination  of,  131 

,,  in  the  air  cells  of  the  long, 

136 
Errors  of  observation,  191 
Ether,  202 

Evaporating  and  diTing,  200 
Ei^oinalion  of  a  depotjt,  86 

,,  soft  tissue,  general  direc- 

Extraneous  maltei^  19S 

Eye  of  the  ox,  plan  >if  inj  ecting,  99 

Eye  piece,  Hughe  *-    - 
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Fact  hunting,  188 
False  cells,  319 

„        generaliialioiw,  187 
Fallacies  to  be  guoi^ed  against  in  micro- 

ECopical  invistiga  lions,  191 
Fibres  and  membranes,  production  of, 

artificially,  193 
Fibrilke  of  muscle,  IZ4 
Fibrous  tissue,  white,  119 

Field,  flatness  of,  in  the  micrciscope,  6 
Fiftieth  of  an  inch  object-gUss,  285 
Filtering,  200 
Finder,  Mr.  Bailey's,  41 
„       Mr.  Bridgman's,  43 
„      Mr.  Mallwood's,  4* 
Finding  the  same  lipot  in  a  specimen, 

method  of,  41 
Kne  nerve  fibres,  33 1 

St  objects,  36 
4 
.  l">H^ra[*y,  274 
Fluids,  of  examining  substances  in,  75 
„        separating  deposits  from,  &4 
Focus,  adjustments  for  altering,  8 
Folding  microscope  of  Messrs.   Powell 

and  Leatand,  1 1 
Foreign   standards  of  measurement,  of 

converting,  39 
Formation,  new  views  on,  308 
French  cement  for  mounting  large  mi- 
croscopical preparations,  5a 
Fhekb,  Dr.,  his  plan  of  drilling  boles 
in  thin  glai%  63 


Ganglia,  .  . 

„        of  Hyla,  prepanns  lor 
powers.  301 
Gas  [amp,  Mr.  Highley's,  xo 
Gelatine  preservative,  57 

„        and  glycerine,  57 
Generahzation,  on,  308 
Gerlach,  Proc,  his  method  ot 

ii^  tissues,  loS 
Germinal  matter,  311 

„  „        of  colouring,  107 

„  „        movements  of,  170 

G11J.RTT,  Mr.,  hi«  condenser.  24 
Glands,  injecting  llie  ducts  a(^  tol 

„       salivary,  &C. ,  examination  of,  t}7 
GluidBlar  epithelium,  133 

,.  organs,  more  caalj  deOKa^ 
straled  in  the  lower  aaimajs  thsD  in 
man  and  the  higher  aninwU,  141 
Glass  celts,  deep,  63 
„  cementing  pieces  togelher,  fis. 
„  cutting  and  grinding,  61 
„  drilUr^  holes  in,  6I 
„  shades,  47 
„  slides,  plate,  46 
„  Ihin  for  covering  spednen^ 
Glycerine,  54 

„        itclioD  of.  on  tissues,  291 
„        bottles  for  droprang,  301 
„         as  the  basis   of  preserrxIiK 
fluids  and  test  soluiiaas.  ^|6 
GoADBv's  preservBiive  solution,  5S 
Gold  size  cement.  48 
„     solution  of  chloride,  for  oolonrinc 
nerve  fibres,  113 
GuRHAM,  Mr.,  his  apporatuB  for  prcs- 
ing   down    the    Ihm   glass   coto-  of 
specimens,  51 
Graduating  diaphragms,  to 
Granunatophora  subtilissima,   as  S  (esl 

object,  36 
Granules  within  celh. 
Green  injecting  fluid,  96 
Grinding  glass,  61 
Growing  cells  66 
Growth,  new  views  on,  308 
„       and  multiplication. 
Gum  and  glycerine,  preservative . 
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Hair  and  horn,  sections  of,  83 

Hiirs,  examination  of,  158 

H  anil  ling  bodies  under  the  mi 

80 
Hard  tissues,  examination  of.  81 

„  „  with  bigbs 

powers,  305 
Hardening  properties  of  d  iCTcrcnl  chetiried 

solutions,  216 

tissue,  81 
Haktkach,  M.,  hiJ  inunerson  glasses  6 
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Heart,  action  of,  135 

, ,      examination  of  muscular  structure 
of,  125 
Heat,    use  of,   in  rendering  specimens 
clear,  302 

„     stimulus  to  life,  316 
Heating  objects  while  under  microscopical 
examination,  Dr.  Ransom's  plan,  157 
,,  ,,  ,,  Max 

Schultze's  plan,  157 
Hemispherical  condenser,  24 
Hepatic  vein,  injecting,  139 
HiGHLEY,  Mr.,  his  collecting  case,  147 
„  „  gas  lamp,  20 

,,  „  travelling     micro- 

scope, 13 

,,  „  waistcoat     pocket 

microscope,  16  , 

High  powers  made  with  single  front,  6 
Highest  magnifying  powers,  2S4 

,,  „  „        conditions  of 

using,  291 

,,  „  „        of    drawing 

objects  magnified  by,  287 

„  ,,  „        new  method 

of  preparing  soft  tissues,  290 
,,  „  ,",        hard  tissues, 

304 
HOBLYN,    Mr.,    his    arrangement    for 

exerting  pressure  upon  the  thin  glass 

covers  of  specimens,  51 
Horn  and  hair,  making  sections  of,  83 
How  to  examine  an  object  under  the 

microscope,  71 
Hughenian  eye-piece,  its  construction,  5 
Hyalodiscus  subtilis,  as  a  test  object,  36 
Hydrochloric  acid,  203 
Hyk,    injecting    and    examining    with 

highest  powers,  299 

Illuminating  objects  in  the  microscope, 

methods  of,  17 
Illumination,  artificial,  19 

Mr.  Dancer's  speculum,  22 
dark  ground,  22 
modes  of,  for  photograph- 
ing microscopical  object,  247 
monochromatic,  23 
of   objects    magnified   by 
very  high  powers,  287 
Image  of  objects,  method  of  increasing, 

287 
"  Immersion  "  glasses,  6 

„  twenty-fifth,  285 

Indicator,  Mr.  J.  W.  Bailey's,  42 
Inferences,   drawing  of,   firom  observa- 
tions, 188 
Inflamnuition,  315 
Infusoria,  examination  of,  154 
Injected  preparations,  preparing  portions 
of,  for  microscopical  examination,  104 
Injecting,  best  modes  of  destroying  the 
lives  of  animals  for,  106 
9,       cans,  88 
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Injecting  carmine  and  Prussian  blue,  303 
„        different    systems    of   vessels 
with  transparent  injection,  97 
„         ducts  of  glands,  lOl 
„        fishes,  1 04 
,,        fluid,  acid  carmine,  95 
„  „     blue,  Tumbull's,  94 

„  „     carmine,  94 

,,  „  ,,        Dr.  Carter's,  96 

„  „     green,  96 

,,  „     Prussian  blue,  93 

„  „     yellow,  96 

tt        frog,  99 
„        insects,  103 
liver,  99,  139 
lymphatic  vessels,  102 
mollusca,  103 
ox  eye,  99 

practical  operation  of,  98 
„        rat,  99 

sheep's  kidney,  99 
tissues    for    examination    by 
highest  powers,  295 
Injections,  instruments  required  in  mak- 
ing, 87 

„         mercurial,  70 
„        mounted  in  Canada  balsam, 
alteration  in  the  appearance,  105 
natural  and  artificial,  87 
opaque,  88 
„        pressure  requisite  in  making, 
100 
„        transparent,  90 
,,  „         colouring  matters 

for,  91 
Ink,  litiiographic,  31 
Insects,  injecting  of,  103 

„       preparing    the    tissues    of,    for 
microscopical  examination,  158 
Instrument  makers,  363 
Instruments  required  in  making  injections, 

87 
Intercellular  substance,  313 

Involuntary  muscular  fibres,  122 

Iodine  solution,  207 

Iron  and  steel,  microscopical  structure 

of,  181 
Irritation,  315 
IsBELL,  Rev.  G.,  his  arrangement  for 

pressing  down  the  thin  glass  cover,  51 

Jackson's  eye-piece  jnicrometer,  35 

Kelner's  eye-piece  as  a  condenser,  24 
Keeping  preparations  in  cabinets,  186 
Kidney,  basement  membrane  of,  142 

matrix  of,  142 

sheep's,  mode  of  injecting,  99 

vessels  of,  142 
KiLBURN,  Mr.  W.  E.,  on  introducing 
a  jet  of  oxygen  into  paraffine  lamp,  280 
KiNCAiD,  Mr.,  on  altering  the  the  size 

of  the  aperture  in  diaphni^,  9 
King,  Mr.,  his  vivarium  microscope,  13 
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Locteati,  examinatian,  131 

Ladd,  Mr.,  hi«  chain  niljusimeni  for 

■Uering  the  fociu,  3 
Lamplight,  shade  for  protecling  ihe  eja 

from,  10 
Lamp,  Mr.  ColUns'a  Bockctt,  30 

„      gas.  Mr.  Hichley's,  20 

„      paniifine  with  round  wick,  30 

„      Smich  and  Beck's  camphioe,  20 

„      spirit,  43 
Large  loLcroscopcs,  lO 
Lawson,  Oe.,  hb  binocular  ilissecticg 

microscope,  17 
„        Inspector-Generai.,  hissec- 

tion  knife,  44 
Lead,  carbooate  of,  89 

„    chromate  of,  89 
Liebeikuhn,  31 
Life,  333 

„     and  death,  3x9 
Ijght,  arranging,  in  drawing  with  the 

camera  lucida,  17 

„       polarised,  18 

„      reflected,  i3 

„      transmitted,  18 
lilac  colouring  fluid,  Thiersch^,  no 
LiSTEK,  Mr.,  ois  improveaient£  in  mak- 
ing microscopes,  4 
Usts  of  books,  364 
Lithographic  ink,  31 
Lithographer's  stones,  31 
Lithographs  of  microscopical  dtanings, 

of  oblaining,  19 
Liihf^raphy,  apparatus  required  in,  363 
Liver,  demonstrating  the  stnictureof,  IjS 

„     general  examination  of,  138 

„      injecting  the  ducts  of,  140 

„      making  on  injection  of,  99 
Living  matter,  31Z 

1,  „      prapertiea  of,  311 

Loaded  corks,  79 
I  Ijobulei  of  the  liver,  139 

Lover  aniinals,  exammation  of,  during 

Hfe,  154 
Lung,  136 
Lymphatic  vessels,  of  injecting,  102 

Madder,   staining  the  bones  of  living 

animals  with,  ill 
MmjDox,   Dr.,  his  cameta  for  taking 
photographs  of  microscopic  objects,  144 
„        his    plan    of    photographing 
without  a  camera,  141 
„        on  photo^phy,  332 
spnng  dip,  52 
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Magnifying  powers,  very  h 

for  osing.  3l 
Makers  ofmii 

Manipulation. 

Marine  glue,  49 

,,  „     cells.  61 

Marking  the  position  of  an  object.  4I 
Matrix  of  kidney,  ifa 
Matters  of  extraneous  origin,  195 
Measuring  oinecis,  simple  metnod  ol,  17 
„        Ihin  glass,  insttument  for,  06 
Measureinenl,  standards  ot  39 
Medium   in  which    tissues    ^lenU   Im 

placed,  74 
Membranes  and  fibres,  prodoclioa  ot,  bf 

re-agents  artificiaUy,  193  _ 

Mercurial  injections.  98 
Mekz,  M.,  his  immersion  glasses,  i 
Metallic  reflectot,  II  " 

Methylated  alcohol,  54 
Micrographic  camera.  z8 
Micrometer  cobweb.  35 
Microscope,  binomlar.  It 

„  „  disseclii^l 

La*-son's.  17 
„  body  of,  9 

„  camera  applied  li 

„  clinical,  14 

„  dissecting,  13 

„  folding,  Messrs. 

Lealand's,  1 1 
„  for  examining  sv 

meised  in  acids,  287 

laiOB,  10 
„  makers,  363 

„  spectrum,  218 

„  students',  10 

„  „  appanum   1 

sary  for,  17 

„  travelling,  Mr.WorriiV 

'3 
Microscopical  analysis,  new  melliod  of. 


,,  examination,       ^    .^ 

portions  of  injected  tissues  tar,  104 

,,  investigation, 

analysis  in,  197 

„  manipulation,   I 

Microscopic  shells,  159 
Minute  dissections,  of  maldne,  7S 
Minor,  3 
Moist,  keeping  bodies,  while  mid 

croscopical  examination,  156 
MniTESSiER.  Dr..  his  method  for  pi 

graphing  opaque  objects,  247 
Molecular  movements,  171 
Moltusca,  injecting,  103 
Monochromatic  illumiiutimi,  xj 
Moulded  glass  cells,  65 
Mounting  objects,  363 
„       photographs,  an 
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Mounting,  apparatus  for,  363 
Movements,  ciliary,  161 

molecular,  172 
of  granules  within  cells,  1 72 
,,  primary  or  vital,  occurring 

in  living  beings,  170 
Moving  in  all  directions,  170 
Mucous  membrane,  131 
Mucus  corpuscle,  170 
Multiplication  and  growth,  173 
Muscle,  contractility  of,  160 
Muscular  fibre,  examination  of,  122 
fibres  of  villi,  132 
structure  of  heart  and  tongue, 
125 
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Naphtha  and  creosote  fluid,  56 
Natural  and  artificial  injections,  87 
Naturalist's  dredge,  149 
Needles  in  handles,  45 
Nerve,  examination  of,  127 

„      fibres,   solution   of  chloride    of 

gold  for  staining,  113 

„      ganglia,  examination  of,  146 
Neutral  tint  glass  reflector,  27 
Newt's  kidnev,  examination  of,  141 
Neyt,  M.,  his  method  of  illumination 

for  photographing  microscopic  objects, 

250 
Nicholas  prism,  18 
Nitella,  circulation  in  the  cells  of,  165 
Nitrate  of  silver,  staining  solutions,  1 12 
Nitric  acid,  202 
NoBERT,  M.,  his  test  lines  for  definition 

of  the  magnifying  power    of  object 

glasses,  36 
Nuclei,  317 
Nutrition  of  the  cell,  320 

Object-glasses,  5 

»  »»      angle  of  aperture,  36 

„      ascertaining     magnifying 

power  of,  37 

„  „      Mr.  Wales's  improvements 

in,  6 

„  ,,      fiftieth  and  twenty-fifth, 

285 

„  „      penetrating;  power  of,  7 

„  ,,      their  own  illuminators,  21 

Objects,  delineation  of,  26 

„       examining  by  different  modes  of 

illumination,  25 
„       microscopical,  simple  method  of 

measuring,  37 
Observation,  drawing  inferences  from,  188 

„  errors  of,  192 

Observations,  of  making,  upon  specimens 

in  the  microscope,  107 
Octagonal  and  square  cases  for  holding 

and  fixing  several  demonstrating  micro- 
scopes, 16 
Oil,  examining  specimens  in,  76 
„   globules,  microscopical  appearances, 

70 


Opaque  injections,  88 

Operation  of  injection,  98 

Osborne,  Rev.  Lord  S.  G.,  process  of 

staining  followed  by,  108 
Osmic  acid,  solution  of,  113 

Pancreas,  examination  of,  137 
Paper,  black,  for  placing  behind  trans- 
parent objects,  21 
„      cells  made  of,  60 
,,      tracing  and  retracing,  29 
Paraffine  lamps,  20  • 

Particles  of  colouring  matters,  used  as 
injections,  the  sizes  of,  90 
„       of  living  matter,  312 
Pasteur,    M.,    his    investigation    on 

minute  organisms,  282 
Peculiarities  of  texture,  of  representing,  31 
Pencils,  for  drawing,  29 
Penetrating  power  of  object-glasses,  7 
Perforating  thin  glass,  03 
Pewter  plate  for  glass  grinding,  61 
Phosphate  of  ammonia,  testing  for,  210 

„  lime,  210 

Photographing  of  microscopical  objects, 
229 

„  „  „         apparatus 

for,  235 

„  „  „         focussing, 

254 

,,  „  „  illumina- 

tion, 235 

„  „  „  Maddox, 

Dr.,  his  camera,  and  plans  of  proce- 
dure for,  241 

»»  >>  »f    ^         "■^^ 

arrangements  for  working  without  a 

camera,  244 

„  „  „      object- 

glasses,  254 

„  „  „      Wood- 

ward, Dr.,  his  method  of,  237 
Photographs,  of  microscopic  objects,  fix- 
ing solutions,  274 

„  „        for  magic  lan- 

tern, 276 

„  „        mounting  the 

prints,  274 

„  „        toning    solu- 

tions, 273 

„  stereoscopic,  256 

Photography,  list  of  books  on,  366 
Pinning  out  dissections  upon  tablets,  79 
Pipettes,  84 

, ,        of  removing  deposits  from  fluids 
with,  85 
Plants,  of  the  circulation  in  the  cells  of 

certain,  165 
Plate  glass  slides,  46 
Plexuses  of  nerves  in  the  cornea,  exami- 
nation of,  128 
Podura  scale  as  a  test  object,  36 
Polarised  light,  18 

„  „     uses  0^175 
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Polariser  and  analyser,  i8 

Pollen  grains,  examination  of,  164 

Portal  vein,  139 

Position  of  an  object,  marking  the,  41 

Potash,  solution  of,  205 

,,      and  soda,  solutions  of,  in  gly- 
cerine, 297  • 

PoucHET,  M. ,  investigationsupon  minute 
organisms,  282 

Powell  and  Lealand,  Messrs.,  their 
binocular  microscope,  12 

„  „  „  folding 

microscope,  II 

„  „  „  highest 

powers,  284 

Powers,  magnifying,  5,  280 

Precautions  to  be  observed  in  working 
at  the  microscope,  73 

Preservation  of  crystals,  as  permanent 
objects,  215 

„  „    soft  tissues,  general  di- 

rections, 117 

Preparers  of  microscopic  objects,  363 

Preparations,  keeping  them  in  cabinets. 

Preserving  specimens  in  glycerine,  54 

I ,         Canada  balsam,  76 
„  the  dry,  75 

v^etable  tissues  permanenUy, 
167 

Preservative  fluids,  53 
Pressing  down  the  thin  glass  covers  of 
specimens  while  cement  is  drying,  ar- 
rangements for,  51 
Pressure  required  in  making  an  injec- 
tion, 100 
Price's  glycerine,  55 
Primary  or  vital  movements  occurring  in 

living  beings,  1 70 
Primordial  utricle,  317 
Prints,  photographic,  mounting,  274 
Printers,  363 

Properties,  hardening,  of  different  chemi- 
cal solutions,  216 

„        of  living  matter,  311 
Protoplasm,  310 

Prussian  blue,  advantages  of  employing,  92 
the  injecting  fluid,  93 
new  form  of,  97 
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99 


Quekett,  Prof.,  his  achromatic  con- 
denser, 24 

Ramsden's  positive  eye-piece,  5 
Ransom,  Dr.,  method  of  applying  heat 
and  cold  to  objects,  while  under  mi- 
croscopical examination,  157 
Rat,  mode  of  injecting,  99 
Razor  for  cutting  thin  sections,  45 
Reade,  Rev.  J.  B.,  his  hemispherical 

condenser,  24 
Reaction  of  substances,  199 
Re-agents,  production  of  membranes  and 
fibres  by,  artificially,  193 


If 
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Re-agents  used  in  microscopical  inresti- 
gations,  201 
Acetic  acid,  203 
Alcohol,  202 
Ammonia,  205 
Chromic  acid,  203 
Distilled  water,  201 
Ether,  chloroform,  202 
Hydrochloric  acid,  203 
Iodine  solutions,  207 
Nitrate  of  barytes,  206 

„  silver,  207 

Nitric  acid,  202 
Oxalate  of  ammonia,  207 
Potash,  solutions  of,  205 
Soda,  solutions  of,  205 
Sulphuric  acid,  202 
„        uses  of,  198 
Recording  results  of  microscopical  ol^j 

servations,  190 
Reflected  light,  18 
Reflector,  annular,  21 

concave,  metallic,  21 
neutral  tint,  27 
parabolic,  21 
Removing  deposits  with  the  pipette,  85 
Results  of  microscopical  observations,  of 

recording,  1*90 
Reviewing,  medical  and  scientific,  312 
Retort  stands,  43 
Rings  to  diminbh  the  size  of  the  aperture 

over  water  bath,  44 
Robertson,  Dr.,  his  table  for  conver- 
sion of  British  and  foreign  lineal  mea- 
surements, 39 

,,  Mr.,  his  plan  of  injecting 

the  snail,  104 
Rocks  and  crystals  and  fossils,  examina- 
tion of,  174 

„  „  „  making 

sections,  179 
Ross,    Mr.,   his  improvements  in  the 

compound  microscope,  4 
Round  cells,  66 

Rutherford,  Mr.  L.  W.,  his  micro- 
scopical photographs,  23 

Salivary  glands,  examination,  137 

Sarcolemma  of  muscular  fibre,  123 

Scale,  importance  of  app>ending  to  draw- 
ings of  microscopical  objects,  34 

Scales,  examination,  158 

Scalpels,  44 

Schultze,  Max,  his  iodine  solution,  208 
,,  „  stage    for   heating 

objects,  157 

Scissars,  for  minute  dissections,  45 

Sea  dredging,  146 

Sealing-wax  varnish,  48 

Secondary  movements  occurring  in  living 
beings,  172 

Section  knife,  44 

Sections,  cutting  under  the  microscope^  80 
„       thin,  obtaining  of,  80 
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Seeds,  external  markings  of,  164 

Seeing  what  is  described,  importance  of,  3 

Sphencal  aberration,  6 

Selenite,  19 

Separating   crystals    from  animal  sub- 
stances, 213 
„        deposits  from  fluids,  S4 
„  „  „    when  very 

small  in  Quantity,  85 

,,        the  coarse  from  the  finer  par- 
ticles of  a  deposit,  85 

Serous  and  synovial  membranes,  130 

Shadbolt,  Mr.,  annular  condenser,  23 
„  turn-table  for  making  circu- 

lar cells,  60 

Shade  for  protecting  the  eyes  from  the 
glare  of  strong  li^t,  20 

Shades,  glass,  for  protecting  objects  frx)m 
dust,  47 

Shell-lac  cells,  60 
„      cement,  48 

Shells,  microscopic,  159 

Sheppard,  Mr.,  on  colour  produced  by 
living  organisms,  340 

Silver,  nitrate  of,  207 
„  „      for  staining  tissues,  112 

Simple  microscope,  4 

Size  for  injection,  88 
„   of  particles  of  colouring  matter  used 
for  injections,  90 

„   of  objects,  apparent,  under  different 
powers,  286 

Sketches,  importance  of  making,  184 

Slack, Mr.  ,nis  diaphragm  eye-piece, 289 

Slides  of  plate  glass,  46 

Smith,  Mr.  Jas.,  his  leaf  holder,  46 

Smith,  Prof.,  his  growing  cell,  66 
„  ,,  mechanical  finger,  81 

„  Prof.  Lawrence,  his  plan  of 
making  the  object-glass  its  own  illumina- 
tor, 21 

Snake,  action  of  the  heart  in,  135 

Soda,  solutions  of,  205 

Soft  tissues,  general  directions  for  exami- 
ning and  preserving,  117 

Soluble  Prussian  blue,  new  form,  97 

Solution  of  Canada  balsam,  51 

SoRBY,   H.   C,   F.R.S.,  on  spectrum 
analysis,  218 

Sorting  tray,  for  sea  collecting,  149 

Specimens,  of  examining  and  preserving 
in  the  dry,  75 

, ,         new  methods  of  preparing,  for 
examination  with  highest  powers,  290 

Spectrum  analysis,  218 
„        microscope,  218 
„  „         examining  objects 

in,  221 

Spinal  cord,  examination  of,  144 

Spiral  crystallisation^  214 

Spirit  lamp,  43 

Spot  glass,  22 

Spring  clips,  52 

Stage,  7 
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Staple  micrometer,  35 
Staining  bones  of  living  animals  with 
madder,  121 

germinal  matter  of  tissues,  107 
tissues,  106 

„      blue  colours  for,  iii 
,,  „      Gerlach's  method,  108 

„  „      Lord    Osbome*s    pro- 

cess, 108 

,,  „      nitrate   of   silver  solu- 

tions for,  112 
Standards  of  measurement,  39 
Starch  globules  enclosed  in  cells,  164 
Steel  and  iron,  microscopical  structure 

of,  181 
Stereoscopic  photographs,  256 
Stimulus,  329 

Stomach,  mucous  membrane  of,  132 
Stone,  drawing  on,  30 
„      engraving  on,  30 
,,      grinding  glass  on,  61 
Stones,  Hthographic,  31 
Stops,  21 

Stnped  muscle,  122 
Structure,  general  observations  on,  114 
, ,        muscular,  of  heart  and  tongue, 

„        new  views  on,  308 
Structures,  difliculty  of  seeing,  from  their 

transparency,  193 
Students'  microscopes,  10 
Submucous  areolar  tissue,   examination 

of,  131 
Substances  of  extraneous  origin,  195 

,,  in  fluids,  examination  of,  75 

Sulphates,  testing  for,.  210 
Sulphuric  acid,  202 
Sunlight  illumination,  19 
Surface  net  for  sea  collecting,  149 
Synovial  membranes,  examination  of,  1 30 
Syrup,  action  of,  on  tissues,  293 
acetic  acid,  296 
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Tables  for  practising  manipulation,  347 
Tablets  for  pinning  out  dissections  upon, 

79 
Tannin,  ill 

Teeth,  making  sections  of,  83 

Terminal  plexuses  of  nerves,  128 

Test  bottles  with  capillary  orifices,  209 

Tests,  method  of  applying,  to  substances 

intended  formicroscopical  examination, 

208 

Texture,  representing  peculiarities  ofi  31 

Thiersch's  carmine  fluid,  1 10 

„  lilac  fluid,  1 10 

„  yellow  injecting  fluid,  96 

Thin  glass,  47 

„  of  perforating,  63 

„        instrument      for     measuring 

thickness  of,  286 

„    sections  of  dry  bone,  making;  of,  82 

„        ,,        of  textures,  obtaining  for 

microscopical  examination,  80 
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TiiciMAS,  Mr.  K.,  on  spiral  ctystallisa- 

tion,  314 
Thwaites'  fluid,  S5 
TinroU  cells,  6[ 
Tissue,  adipose,  1 19 
„      areolsr,  liS 

„      embryonic,  preparation  of,  307 
„      haiiiening  ol,  Si 
„      white  fibrous,  119 
„       yellow  fibrous,  1 19 
Tissues,  colouring  of,  by  osmic  add,  1 13 
„      demonstratiDg    ihe    analoraical 
peculiuitieii  of,  )i6 
„      ofimects,  preparing  for  micro- 
scopical ciaminalion,  158 
„      soft,  general  dircclions  for  enami- 
niog  and  preserving,  1 1 7 

„        „     prepming  tor  examination 
wilh  highest  powers,  298 
„       sUuning  of,  106 
„  „  by  chloride  of  gold, 

•  ■3 

„      v^etable,  examiDatioD  of,  1 63 
„  ,,         preserving      pemia- 

nently,  167 
ToLLES,  Mh.,  his  new  binocolar  micro- 

of  moKuIar  9lmc- 


of,  159 


Tongue, 

Toning  solutions 
TracheK,  examii 
Tracing  paper,  ag 
Transmitted  lighi,  10 
Transforniing  powers  of  cell,  311 
Transparent  injections,  90 

„  „        colouring  matters 

„  „         injecting  diSeienl 

systems  of  vessels  with,  97 
Travelling  microscope,  13 
Tripods,  43 

Troughs  for  exainirung  loophytes  in,  66 
Tubes,  capillacy,  209 
Tdrnbuu-'s  blue  injecting  Huid,  94 
Turpentine,  examining  specimens  in,  76 
Twenly-fifth  of  an  indi  objecl-glass,  285 


Unstriped  muscular  fibre,  isa 

Valentin's  knife,  45 
Vallisneria,  circuUlion  in  cells  of,  16$ 
V^etable  tissues,  examination  of,  163 
„  „    preserving  permancnUy, 

167 
Veins,  examination  of,  tl6 
Vermilion,  89 
Vessels,  injecting  diflereat  systems  witli 

opaque  injection,  90 


Vessels,  injecting  different  *ystem»  % 

Inuispareni  injection,  97 
„        lymphatics,  injecting  of,  im 
Villi,  examination  of,  13*  _  ' 

Viscid  medio,  advantages  of,  for  dui 

lion  of  tlte  tissues  foi  highest  ji 

,^54 
Vital    movements    occurring    in    1 

beings,  170 
Vivaria,  151 

Vivarium  microscope,  13 
Voluntary  muscle,  122 
VorliceUa:  and  rotifers,  155 

Waistcoftt-podtet  microscope.  iG 
Wales,  Mr.,  his  improvements  in 

ing  ob;  eel -glosses,  6 
Wash  bollle,  86 
Watch  glasses,  47 
Water,  objections   lo,  b»  b  modhnn  lor 

exomining  specimens  in,  2S1 

Webstbk  condenser,  15 

WsNHAH,  Miu,  his  binocular  amaigje- 

„  „        hi{^  powers  made  of 

angle  lenses,  6 

,,  ,,        mode    of    conodlqg 

olqect-glasses  8 

„  on  Ihe  circoliCioD  in 

of  certain  plants,  166 
West,  Tuffbn,  his  e  _ 
croscopical  objects,  33" 
While  fibrous  tissue,  1 19 
Wilson,  Dk.,  his  mode  of  illniniai  _, 
lotographicg  microscopic  obj^ 


s  of  that  I 


!H7 
Wood  and   I 
culling  sections.  84 
„     blocks,  preparing  for  b^ng  d 

„  makers  of,  363 

„    engravers,  363 
Wooden  forceps,  46 
Woodward,   Dr.   (U.S.),  hi 
of  taking  photographs  of  m' 
objects,  237 
„       „      latest arraogemaii  bj,M 
Work  table  of  a  roicroscopist,  185 

Yellow  fibrous  tissue,  114 
„       injecting  fluid,  96 

Zoophytes,  destrojnng  the  Ufi;  of,  1 
methods,  155 
I,  trough  for  a 
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Aberration,  spherical  and  chromatic,  figs. 

5.6 
Absorption  bands,  321 

„  „      scale   for   measuring 

exact  position  of,  323 
Achromatic  condenser,  54 
Adipose  tissue,  172 

„  „      with  areolar  tissue,  172 

Air  bubbles,  122 

„   pimip  for  removing  air  from  micro- 
scopical specimens,  129 
Amoeoae,  very  minute,  254 
Anacharis,  cells  of,  248,  249 

„         entire  branch  of,  245 
Analyser,  58 
Anchusa,  spine  of,  246 
Animalcule  cage,  112 
Artery  passing  into  capillaries,  1 90 
portion  of  a  very  small,  189 
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Bacteria,  372—377 

Barker,  Dr.,  his  growing  cell,  ill 

Beale,  Dr.,  his  class  microscope,  pL 

vii,  and  fig.  36 
Binocular  microscope,  Mr.  Collins's,  20 
,,  „  M.  Nachet's,  15 

„  „  Mr.Tolles'(U.S.) 

arrangement  of  prisms  and  lenses  in,  15 
„  „  Mr.      Wenham's 

arrangement,  16 
Bird,  large  flat  villi  of,  205 
Blood  corpuscles,  crystallisation  of,  213 

„  „         frog,  changes  in  the 

forms  of,  262 

„  „         human,  212 

„      guinea  pig,  formation  of  crystals 

in  blood  of,  216 
Bockett  microscope  lamp,  48 
Bone,  thin  sections  of,  181 
Brass  plate  for  heating  glass  slides,  68 
Bulb,  with  capillary  onfice  for  testing,  278 
Bull's  eye  condenser,  51,  52 

„     nose  forceps,  149 

Cabinet,    containing    requirements    for 

chemical  testing,  284 
Camera,  adapted  to  the  microscope,  340 
,,       arranged  by  Dr.  Maddox,  339 
„       lucida,  position  of  microscope 
for  using,  56 

„       photographic,  microscope,  Mr. 
Delves  s,  327 


Canada  balsam,  can  for  containing,  127 

Cans  for  heating  size,  152 

Capillaries  of  human  lung,  217 

Capillary  vessels  showing  nuclei,  188 
„        with  diverticula,  191 
„  „     nerve  fibres,  192 

Carbonate  of  lime  in  different  media, 
113— 117 

Cartilage,  cat,  at  different  ages,  175 — 
178 

Cat's  hair,  275 

Caudate  nerve  cell,  395 

„  „         diagram     to     show 

possible  relation  to  one  another,   of 
various  circuits,  402 

Cell  for  examining  solutions  in  by  the 
spectrum  microscope,  322 

Cells,  gUss.  concave,  104 
„        „     large  and  deep,  for  opaque 
injections,  103 

„        „    made  by  cjinding  out  the 
centre  of  a  piece  of  plate  gl^s,  105 
„        „     small  for  injections,  &C.,  loi 

Cements,  vessel  for  containing,  88     » 

Cerebral  matter  in  water,  190 
,,  ,,      softened,  195 

Chloride  of  sodium,  crystals,  270 

Cholesterine  crystals,  269 

Chromatic  aberration,  5 

Ciliated  epithelium,  236 

Circle,  instrument  for  scratching,  upon 
the  thin  glass  cover  of  a  specimen,  to 
show  the  position  of  an  object,  67 

Circulation  m  branchiae  of  Proteus,  ap- 
paratus for  examining,  106 

Class  microscope,  pi  vii,  and  ^^,  36 

Colouring  matters  used  for  injections, 
comparative  sizes  of  the  particles,  159 

Collins,  Mr.,  his  binocular  microscope, 
20 

Compound  glasses  of  achromatic  objec- 
tive, 7 

„        microscope,  explanatory  dia- 
grams, I 

Compressorium,  135,  136 

Condenser,  achromatic,  54 
„         bull's  eye,  51,  52 

Connective  tissue  with  nuclei,  168 

Corked  tubes  for  keeping  prepared  tissues 
in,  144 

Corks  for  fitting  into  the  injecting  pipe, 
150 
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Cornea,   Hyla,  ifttworks  of  fine  nerve 

fibres  in,  197 
Cotton  fibres,  27$ 
Crystals  of  creatine,  305 

,,  „         double  salt  of  sul- 

phate of  magnesia  and  sulphate  of  zinc, 
311— 318 
„  „         muriate  of  ammonia, 

304 

,,         sulphate  of  copper. 


f» 


306—310 

Dark  bordered  nerve  fibres,  distribution 
to  muscle,  193 

division    of, 

fine,  skin  of 

networks  of, 

with  fine  fi- 


222 


tt 


tt 


Hyla,  194 
frog's  eye-lid,  378 


>> 


>> 
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ft 


it 


tt 


t» 


bres,  198 
Deal  wood  fibres,  276 
Demodex  or  entozoon  firom  the  follicles 

of  the  skin,  235 
Deposit,  collecting,  when  very  small  in 

quantity,  145,  146 
Diamond,  manner  of  cutting  glass  with, 

92,  94 
Diaphragm,  CoUins's  .new  graduating,  59 

Diatoms,  instruments  and  apparatus  for 

collecting,  224 

„         shells  of  rare,  250,  251,  255 

Dissecting  microscope.  Dr.  Lawson  s,  41 

„  „  Pro£  Quekett's, 

38»  39,  40 

Dissections  (minute)  under  water,  ar- 
rangements for,  133 

Diverticula,  capillary  vessel,  with,  191 

Drag  hook,  230 

Drawing  and  measuring  objects,  position 
of  the  microscope,  56 

Dredge,  228 

Dredging  sieves,  229 

Dust  particles,  277 

Egg  of  the  common  bed  bug,  237 
Epiglottis,  nerves  and  capillaries  in,  187 
Epithelial  cells  from  the  mouth,  203 
,,  ,,  human  villus,  204 

„        covering  of  a  villus,  entire,  207 
Epithelium,  arrangement  round  villus, 
210 

,,  ciliated,  236 

Eye  piece,  2 

„        for  the  spectrum  microscope, 

319 

Fat  vesicles,  173 
Feather,  portions  of,  275 
Fibrillae  of  muscle,  185 
Fibrous  tissue,  formation  of,  167 
Field  microscope,  Mr.  Highley's,  226 
Filtering  paper,  mode  of  folding,  147 


Finder,  Mr.  Maltwood's,  65 

Flax  fibres,  275 

Forceps,  bull's  nose,  149 

„        for  minute  dissections,  85 
„        which  attach  to  the  stage  of 
the  microscope,  86 

Formed  material,  production  of,  355 — 37^ 

Gall  bladder,  vessels  of,  doable  injec- 
tion, 161 

Ganglia  and  connecting  bundles  of  nerve 
fibres  from  the  smaU  intestine,  young 
bull,  199 

„      portions  of  two,  with  connecting 
nerve  trunks,  200 

Ganglion  cell,  with  nerve  fibres,  peri- 
cardium, ox,  202 

„  „  straight  and  spiral 

fibres,  223 

„         cells,  a  mass  of,   imperfectly 
developed,  410 

„         portion  of,  on  the  side  of  a 
sympathetic  nerve,  201 

Gas  microscope  lamp,  49 

Gerlach's  arrangement  for  obtsdning 
parallel  rays,  337 

Glycerine,  small  bottle  for  holding,  342 

Grey  matter,  guinea  pig,  drawn  firom 
Dr.  Beale's  preparation,  166 

„  „  „  a  German 

specimen,  165 

Growing  cell.  III 

Hairs,  cat,  275 
„      human,  275 

HiGHLEY,  Mr.,  his  complete  micro- 
scope, II,  12 

,,  „  field    microscope, 

226 

,,  „  gas     microscope 

lamp,  49 

Holder,  98 

Hot  stage,  suggested  by  Max  Schultze,  233 

Hughenian  eye  piece,  2 

Injecting  apparatus,  pL  xxiii 

„        a  piece  of  intestine,  manner  of, 
164 
„        cans,  152 
„         syringe,  151 
Intestine,  bull,  ganglia  in  connective  tissue 

of,  199 
Inverted  microscope,  Dr.  Smith's,  271 

Kidney,  capillaries  injected,  163 
Kidneys  of  the  newt,  218 
Knives  for  cutting  thin  sections  of  tis- 
sues, 75,  76 

Lacteals  of  villi,  injected,  209 

Lacunae    and   caiialiculi,   firontal  bone, 

frog,  180 
Lamp,  Bockett,  48 
„      camphine,  46 


INDEX  OF  ILLUSTRATIONS. 


381 


Lamp,  paraffine,  with  round  wick,  47J 

„      spirit,  70 
Lawson,  Dr.,  his  dissecting  microscope, 

Leaf,  cellular  tissue,   fibres  and  spiral 

vessels  of,  242 
Leeson's  eye-piece,  goniometer,  268 
Lieberkuhn,  mode  of  examining  with,  by 

reflected  light,  53 
Liver,  capillaries  injected  with  chromate 

of  lead,  162 
Living  matter,  growth  and  multiplication 

of.  355—370 
Loaded  corks,  134 

Lung,  portion  of  human,  healthy,  217 
Lymphatics,  injected,  160 

Maddox,  Dr.,  his  camera,  339 

„  „  spring  clio,  90 

Maggot,  muscular  fibres  of,  381 — 383 
Malphighian  body  and  uriniferous  tube, 

newt's  kidney,  219 
Maltwood,  Mr.,  his  finder,  6$ 
Microscope,  binocular,  Collins's,  pL  vi 
„  „         M.  Nachet*s,  15 

„  clinical.  Dr.  Beale's,  pL  vii, 

and  fig.  36 

„  „        boxes  for  holding 

and  fixing  them  in,  31 — 34 

,,  dissecting,  Prof.  Quekett's, 

38,  39,  40 

double,  M.  Nachet  s,  14 

field  of,  226 

inverted.  Dr.  Smith's,  271 

Messrs.  Powell  &  Lealand's, 
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13 


mineralogical,  272 

Mr.  Highley's  "complete," 


Mr.  Salmon's  "students'," 


»» 
II,  12 

*t 
10 

„  spectrum,  eye-piece  of,  319 

Mildew  in  vanous  stages  of  aevelopment, 

259 

Milk  globules,  124 — 126 

Mineralogical  microscope,  272 

Mirror,  19 

Moist  chamber,  Recklinghausen's,  232 

Moth,  scales  fi-om,  273,  274 

Mouth,  epithelium  of,  203 

Mucus  corpuscle,  showing  alterations  in 

form,  256 

Muriate  of  ammonia  crystals,  304 

Muscle,  fibrillar  of,  185 

„      germinal    matter,    and   formed 

material  of,  257 

mylohyoid,  Hyla,  379 

unstriped,  distribution  of  nerves 

to,  388 

Muscular  fibre  cells,  186 

„  „        and  elastic  fibres, 

artery,  171 

fibres,  maggot,  381,  383 

mouse's  diaphragm,  182 


>» 

it 


tt 


Mylohyoid  muscle,  Hyla,  379 

„  „  „    distribution    of 

nerves  to,  380 

Nachet,  M.,  his  binocular  arrangement, 

45 
„        „         microscope  for  enabling 

two  observers  to  examine  an  object  at 

one  time,  14 
Needle  for  passing  thread  round  vessels, 

158 
Needles  in  handles,  80 
Negative  eye-piece,  2 
Nerve  fibre,  division  of,  dark-bordered, 

222 

„     fibres,  networks  of  fine,   in  the 

cornea,  197 

M  tt  tt        in  firog's  eye-lid, 

378 

„     trunks  and  ganglia,   iliac  artery, 

frog,  412 
Nerves  and  capillaries,  human  epiglottis, 

187 
Networks  of  fine  terminal  nerve  fibres, 

cornea,  197 
Neutral  tint  glass  reflector,  60 
Newt  dissected,  and  kidneys  displayed, 

218 

Object-glasses,  with  high  and  low  angle 
of  aperture,  8 

Octahedral  crystals,  in  different  media, 
118 — 121 

Octagonal  pillar  box  for  holding  demon- 
strating microscopes,  31      , 

Oil  globules,  123 — 125 

Operation  of  injecting,  154 

Ovarian  ova,  stickleback,  345 — 354 

Oxy-hydrogen  lantern,  as  arraj^g;ed  by 
Mr.  Highley,  341 

Papilla  of  tongue,  after  Hartmann,  390 
,,  extremities  of  the  muscular 

fibres  in,  showing  the  nuclei,  &c.,  392 
„       probable  arrangement  in,  403 
Papilbe,  compound  and  simple,  tongue, 
Hyla,  389 

„       diagram  to  show  arrangement  of 
the  nerve  fibres  in,  403 
,,       supposed    arrangement    of  the 
nerves  at  tne  summits  of,  391 
Parabolic  illuminator,  55 

,,        reflector,    \fr.    Beck's,    with 
Mr.  Sorby*s  flat  mirror,  265 

„  „  „        diagrams 

to  illustrate  the  different  methods  of 
illumination  by,  266,  267 
9,  „        with    Mr.    Sorby's 

modification,  50 
Parafline  lamp,  with  round  wick,  47 
Perforating  thin  glass,  manner  of  niaking 

thin  glass  cells,  99 
Photographic  microscope  camera,  327 
Photograph  plate  holder,  331 
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Tipcs.  bjccting,  156.  157 

Pipelte,  mode  ofusiiig,  141 

Pipet[e&,  140 

Plate  glass  auee,  97 

Pkun»igilia,  ^11  of,  351 

FoUriser,  57 

Potdlion  <^  microscope  and   lamp    for 

viewing  objects  with  blgh  poveis,  ^44 
Positive  eye-piece,  t 
Potato  oelb,  veiy  yoimg,  339 

„     iilarch,  140,  241 
Powell  &  Lealand,  Messfts.,  their 

Unocular   arrangement  for  the  high. 

powers,  iS 
„  „  „        midoscope 

adapted  for  all  purposes,  13 
Pressure,  arrangement  for  exerting  upon 

Ihc  thin  glass  cover,  while  the  cement 

b  drying,  96 
„        &3mc,  three  views  of,  322,  324< 
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Rkckli  NO  HAU  sen's  moist  chamber,  ij2 
Red  and  while  blood  corjmsclcs,  114 
KeJiecied   light,   examiiung  objects  bj, 

RelTe 

Retort  stand  fimnel  and  lieuker,  for  fil- 
tering,, 139 

,,  small,   to  support  watch' 

gbis,  69 

Rice  starch,  34 1  • 

Rinjgs  for  guiding  ihc  diamonJ  in  cultitig 
circles  of  thin  glos^  95 

Salmon,  Mr.,  Ms  student's  microscope, 

Sarcolemma  of  muscle,  184 
Saw  for  culling  ihin  sections,  81 

„      sawing  bone  and  hard  tissues, 

138 
Scales  from  moth,  273,  374 

„      hundredths  and  thousandths  of  on 

inch  magnified  in  different  degrees,  63 
Scalpel,  double  edged,  75 
Scissars,   straight,  curved,   and  spring, 

fi»  cuttii^  thin  sections,  82,  83,  84 
Section  knife,  76 

ShaOBolt,  Mk.,  his  whirling  lable,  91 
Shade  with  sulphuric  acid,  for  dryuig 


Shades  for  protecting  objects  from  dust, 

'51.255 
their  cam- 


Shells  of  rare  diatoms,    250, 

Smith  &  Beck,  Messrs., 

phine  kmp,  46 
Snow  crysliiU,  double,  294- 
single,  385- 


Spectrum,  arrangement  for  alterli^  ifce 
length  and  breadth  of.  310 

„        microscope,  cell  fc»  oainitunc 
solutions  in,  322 
„  „  eye-piecc  for,  119 

,.  lube  for  (--- ^^ 

log  solutions  for  examining  ii 

for  examining  tolution  in    " 
Spherical  aberrttlion,  6 
Spinal  cord,  cat,  longiludinil  sectiot^  B 
.,        ,,        transverse  ucdoo,  Ut 
Spiral  crystals,  306— 310 
Spirit  lamp,  71 
Spring  clips,  89,  90 
Stage  and  mirror,  sirangem 

ing  to  the  body  of  the  microKopaV 

pliotopraphic  work,  35 

the  end  of  Mr   Delves*  photog 

camera,  32S 

„     of  students'  microscope,  9 
Stanhope  lens,  aaj 
Starch,  rice,  241* 

„      potato,  140,  241 
Steel  disk,  II 

Stickleback's  ova,  345—354 
Stop  cock  Biul  injecting  pipes,  155 

Students'  microscope.  10  

Sulphate  of  copper,  crystals,  306 — 310 


fotad^H 

to  B«^H 

1 


iBgnesia   and    sulphate   et 
sof  -■     "     "       ' 

Surface  net,  231 


ic  crystals  of  the  double 


ulphale 
salt,  311 


Tea  leaves,  portions  of,  375 

Temporuy  cartilage  and   litiraus  titsae 

ol  tendon,  179 
Test  bottles,  with  capillary  orifices.  sSo, 

381 
„     tubes  and  drainer,  182 
Thin  gUss  cover,  manner  in  which  it 

alkiwed  to  fall  upon  the  object  which 

U  being  mounted,  142 

„  instrument  for  measuring 

the  thickness  of,  343 
Thomas,  Mr.,  his  spiral  crystals,  306— 

ToLLKS,  Ma.,  his  arrangement  of  prisms 

in  the  binocular  microscope,  l~ 
Trachcsc  from  an  insect,  2^ 
Ttansmilteil  light,  arrangement  fur  ex- 

amining  by,  42 
Tripod  wire  stand,  7 1 

Unstriped  muscle,  distribution  of  n 

10.388 
Urinifcrous  tubes  of  newt's  kiJtiey,  219 

knife.  78,  79 
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Vallisneria  spiralis,  cells  of,  243 

„  „         circulation  in,  244 

„  „         diagram  to  show  the 

direction  of  the  currents  in,  247 
V^;etable  organisms,  with  vibriones  and 

fungi,  261 
Vibratile  filaments  and  minute  particles 
resembling  bacteria,  human  blood,  260 
Villi    injected,    small    intestine,    white 
mouse,  208 
from  bird,  205 
lacteals  injected,  209 
Villus,  epithelial  cells  of,  204 
Vivaria  and  fern  case,  227 

Waistcoat-pocket  microscope,  37 

Warming  objects  imder  the  microscope, 
apparatus  for,  234 

Wash  bottle,  143 

Water  bath,   porcelain  basins  arranged 
as,  72 

„         with  ring  to  diminish  aper- 
ture, 73,  74 


>* 


»» 


Water,  simple  arrangement  for  conduct- 
ing, to  living  bodies  under  microscopical 
observation,  ill 

'Wenham,  Mr.,  arrangement  of  prisms 
and  lenses,  in  his  binocular  micro- 
scopes, 16,  44 

White  fibrous  tissue,  169 

Wood  (deal)  fibres,  276 
,,     instrument  for  cutting  sections  of. 

Woodward,  Dr.  (U.S.).  his  new  ar- 
rangement for  taking  photographs  of 
microscopical  objects,  413 — 416 

Wright,  Mr.,  his  finder,  62 

Yeast  fungus  in  various  stages  of  develop- 
ment, 253 
„      torulae,  211 

Yellow  elastic  tissue,  fibre  of,  showing 
the  direction  in  which  the  germing 
matter  moves,  258 

fibrous  tissue,  170 
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